3.5.2 River System

pasig- Harikine'River System

~ The Pasig-Marikina River flows threugh the City of Manile to the
Manila Bay. Its total catchment area is estimated at’ about 635 kmZ,
about 10% of which is situated 1n Metro Manila.

The Mangahan Floodway has been constructed to discharge water from
the Marikina River into the Laguna Lake at the design d1scharge of
2,400 m3/s with the Marikina Control Gate Structure {MCGS) which is yet
to be completed. In  this situation, a discharge of 1,100 m3/s is
desxgned to. flow down ‘the lake when the Mar1k1ne River has a discharge
of 2,000 m3/s. '

At the confluence wath the Napindan Channe1 the river is known as
the Mar1k1na River in the upper reaches and the Pasig River: in the Tower
reaches. The San Juan River, one of the tributaries with a catchment

~area of 91 kmz, joins the Pasig R1ver at its meandering section in the
central city area. Napindan River, the only outlet of the Laguna Lake,
topographically belongs to'the Laguna_Lake‘Basin;

H’a]abon—TuHahan: River System

The Malabon Tullahan River System originates in the ‘northeastern
boundary of Metro Manila and Flows 1nto the Mani!a Bay. “The. main stream
of -this river system is called by different names such as Tu?lahan,
'TeneJeros, Malabon . and Navotas ‘depending on the location from the
upstream to the downstream. The Novatiches: Reservoir the munic1pa1 and
industrial water source for Metro Mani]a, is 1ocated in the upper
reaches of this river system. ' o A o

Bu11 Baho Mahaba River System

All-of the: rivers located to: the west of the Mangahan F1oodway have

a rather steep riverbed grad1ent and they collect runoff - from the'

mountainous and hilly land. The lower stretches do not have enough flow -
capacities, so that runoff water, together with the water from the
Laguna Lake during high lake stage, inundates the flat Towland area.
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Soeth ?araﬁaqueeLas Piﬁas River'System

This river system 1s situated 1n the southern part of Metro Manila.
The South Paranaque River flows for about 3.0 km a]ong the seashore from.
the southern end of Estero Tripa de Gaiiina to Man11a Bay.

At the v1c1n1ty of the estuary, two tributaries, the Dongalo and
the San Dionisio r1vers join the South Parafiaque Rivers_ The tas Pifias
R1ver joins the Paranaque River. and the Zapote River 1n the low—]yang
~ area adjacent to the seashore. ' '

3.5.3 Drainage Areas

.7 The: drainage areas which suffer. from f1ood1ng due to 1nland water
were ident1fied on the basis of the. f?ood survey and  the topograh1cal
study i These ‘areas . account for 217 km2 of ‘the study area and can be
d1v1ded 1nto nine (9) areas, as shown in Fig. 3.1- 1.

Man1ia and Suburbs .

ManiTa and: Suburbs which cover 7, 172 ha, is d1v1ded 1nto two areas
by the Pa51g R1ver,'namely, North Manila and Suburbs {2, 858 ha) and
South Man11e end Suburbs (4 314 ha) A drainage system cons1st1ng of
pump1ng stat1ons and box culverts has been 1nsta11ed, based on the
"Master Plan Study ca?led the “Plan for the Drainage of Manila and
Suburbs” wh1ch was prepared by the Bureau of Public Norks (now DPHH) in
1952.-_,=_. : S SRR

o The dra1nage methods can be c!ass1fied broad]y 5nto :two_‘(2)§
.nameiy, pump drasnage and grav1ty flow dra1nage. Based on”the drainage
method and the po1nt of discharge, Nerth Manu]a and Suburbs is divided
1nto 10 drarnage districts which are the further divisions of
_ subdrainage areas, while South Manila and Suburbs is-divided into 11, as

‘shown in F1g 3 5-1. The drainage method in the respect1ve districts is

tabulated 1n Table 3 5 1. ' ‘ ' ' ' '

At present there ex1st 10 pumping stations w1th the total capacity
of 173.8 m3/s, covering 10 tow-1ying drainage - d1str1cts of 4, 192 ha or
o 58% of the Manila and Suburbs draanage area. The remaining area of

‘2 980 ha' is’ dra1ned by gravity flow. '
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The main drainage channels in Manila and Suburbs:consist'ef open
channels and box cd]verts. Open channe]s are catled “esteros“ and their.
widths vary from 6 m to 70 m.  Box culverts, the size cf which is
generally more than 3.0 m in width and 2 0m in depth, are class1f1ed
into two (2) types; namely, dretnage meins and outfails. 0utfa11s are
special culverts which connect Manila‘Bay or the Pasig.River with the
esteros to drain floodwaters by gcavitycflew, while the other culverts
are called drainage mains. The features'of mejor_esterOS,_drainage.
mains and outfalls are tabulated in fabie_s.sfl.__tate;a]s are installed
in the main roads of this area at the:density of 6,000 m/kmé.,

Malabon-Navotas

“This area has 2,492 ha loceted a]ong the Tullahan Halabon Navotas
River. - Ring d1kes have been constructed along some portions of the
Malabon- Navotas River -and - ether creeks to protect the ‘area from
inundation, particularly, due to “high tide, but the - hetght ‘is: not:
sufficient. ' The creeks runn1nq in this -area serve as the drainage
channel; laterals are 1nsta1]ed on the density of 2 400 mlkmz, except
for Uagat Dagatan.

~ As for Dagat Dagatan, “the area cqn be broadly divided 1nt0 four .
_drainage distr1cts, namely, Kapathahayan, Spine, Saluysoy and Maypajo,
as shown in Fig. 3-5- 2. The dralnaqe area of the districts are
est1mated at 91 ha, 164 ha, 97 ha and 115 ha, respect1veiy. : '

Drainage 15 done by grav1ty flow in all areas ef Dagat Bagatan.
Main draxnage channels of mestly concrete f!ume which are cal]ed "drain“
- are 1nste11ed in three dra1nage dlstricts except Kap1tbahayan wh1ch has
only the dra1nage lateraIs. The features of main draTnage channels are
tabulated 1n Table 3.5-1. '

East of Mangahan5

This area is the lowest port1on of Buli, Beho ‘and Mahaba. river
basins situated just east of the ‘Mangahan Floodway. The 512e of the
area is 876 ha. Th1s area is belteved to be affected by the high water
level of the Laguna Lake. ' .
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~ The drainage system found in this area is one lateral installed on
a main road, thaugh the subd1v1sions constructed in-this area hava their
 own drainage systems..

: west‘of Mangahan :

'This'area:covers 3,814*ha-and is surrounded by the Pasig River, the
Mangahaanlpodway and the Laguna Lake. This area is also affected by
ﬁhe high'water of the Laguna Lake. Sma11 rivers run . into the laguna
Lake, in addition :to . the Nap1ndan, ‘the Ant*po]o and the Tipas rivers,
and: function as the main drainage channel. ‘Laterals are few in :this
area.

Sah Jﬁan
The area which 15 Judged to have inland water probiems in the San
Juan River Basin is the area of 1,260 ha Iocated near the river.: The

main draxnage channels are tr1butar1es of the SanJuan River. There are
some ' Iatera!s in this area. o

Mandaluyong Pas1g

Th:s 13 a narrow area of 1, 525 ha Tocated along the Pasig River and
the Marikina River 1n the mun1c1pailt1es of Manda}uyong and Pasig. . The
pr1nc1pa1 drainage channe]s are three (3) open. channe}s called creek,
The laterals. are’ 1nstal]ed in-main roads in th1s area on the denszty of
690 mlkm2 | |

~.Manﬁkina v

Th1s 15 also a narrow area of 1, 168 ha in Quezon City and the
mun1c1pa11ty of Marikina on both 51des of the Marlklna River. In this
_ area, drainage channels 1nclud1ng !aterals are poorly d1stributed.

| Par‘anaque !_as Pmas

Th1s as the Tow area of . 1, 543 ha Iocated along ‘the Mani?a Bay.. Tha
Paranaque and the San-Dionisio rivers running a]ong the coast functton
as the pr1nc1pa1 dra1nage channels.,- . : ' e

Slnce water is. pumped out from the Tripa de Gallina Pumo Station to
the Paranaque River, three {3) outfa]is. namely, Rivera, Librada and
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Seaside, have been 1nsta1led from the Paraflague River to the Manila Bay'
to drain the floodwaters. . The laterals are installed on a density of
350 m/km? and 300 m/km? in Parafiaque and in Las Pifias, respectively.

Valenzuela

This is located near the Meycauayan River covering ~an area of
1,842 ha. Ring dikes have been constructed along the Meycauayan: River
and the creek running to the west of this area, ‘but the height is’
insufficient. At present,. most of the area is used as fishpond‘ |
therefore, no drainage system is found, except the sma]l rivers. running

along the coast.

3.6 Existing Flow Capacity
3.6.1 River System

Calculation Conditions

- Equation for Flow Capacity Estimation: Non-Uniform Flow.
Calculation Method S _

- Roughness Coefficient 1 0.03
- Hydrau]xc Boundary Conditions : 11.30 m {Mean Spring .
: '1Hzgh Tide) for Mani]a :
Bay T1de

: 12.50 m (Annual Highest
Mean) for Laguna Lake
Level o |

Flow Capadigy Estimates of River éhannel
(1} PasigaMarikina River

The flow capacities of the. Pasig River the Marikina River the San
Juan River -and the Napindan Channel ‘are dISCUSSEd herein in connectionf'
with the Pasig- Mar1k1na River System._

The Pasig River i divided into two stretches, the stretch from the
river mouth to the confluence with San Juan River and'thefStketchfonm
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the confluence to the Napindan junction. The bankfull flow capacity is
estimated at 700 m3/s in the stretch: from the'r1ver mouth to the San
Juan Rivér and 500 m3/s in the stretch from the. San Juan River to the
_ Nap1ndan junctton

The Marikina River “1s divided into  two stretcheé;"the Lower
Marikina River from the Napindan junction to the diversion point of the
Mangahan Floodway and. the Upper Mariking River in the upper reach from
- the. d1ve:s1on -point” of - the floodway. -~ The bankfull flows of the two
' stretches are about 500 m3/s for the Lower Marikina River, and in:the
Upper Marikina River, 1,100 m3/s from the divers}on. point - of the
flcodway toVStn. Nine and about 1,500 m3ls from Sto. Niﬁo to Montetbah.

- The- bankfull: d1scharge of the San Juan Rlver is estimated at only
50 m3/s.-v- o ‘ : :

_ The bankfull fiow of the Nap1ndan R1ver from the Laguna Lake to, the
Pas1g R1ver is only about 50 m3/s because the bank he1ght in the stretch
of. about 4 km from the lake is very low.

(2) Malabon Tullahan River

The stretch of the Malabon Tu11ahan River about 5 km upstream from
1ts river mouth- is affected by the t1dal fluctuat1on, and -its bankfull
Fiow. capac1ty is a1mnst nilt at- the mean spr1ng h1gh tide. The middle
stretch of the Ma]abon River wh1ch is called the Tullahan River, has a
rather steep Fiverbed grad1ent of about 11100 whlch prov1des a fiow
capacity of abaut 100 m3ls en!y at mean sea 1eve1.

The Navotas River runs along the seashere, therefore, the whole
river stretch 1s affected by txdal f?uctuatlons and the bankfull f}ow'
' capacity is almost n11 at the mean sprwng high t1de. The Ma]abon River
is under the _Same cond1t1on.

(3)- Bu]i—Baho~Mahaba River

The flow capac1ty of the rlver 1s fairly influenced by the: water

o stage of the Laguna Lake.' SubJect to the lake stage of 12. 5 m which

corresponds to the annual. mean highest stage, the -estimated bankfull
flow capacities of the rivers are 30 m3/s atong the Buli R1ver, 50 m3/s

- 31 -



along the lower reaches of Baho River, 20 m3/s along the upper reaches
of Baho River, and 5 m3/s along Mahaba River. :

(4) South Parafiaque-Las Pifias River-

In the Paraiiaque and Las Pifias area, there are threé major rivers;
namely, South Parahaque, Llas’ P1nas and- Zapote, which cause: “serious
flooding by river channel overflow. In- the South Paranaque R1ver ‘and
its major tributary, the Dongalo River, the lower and middlie reaches-aré
affected by the tidal filuctuation. Thus, the bankfull flow capacity is
almost nil when the tidal level of the Mani]a Bay rises to. arsund its .
mean spr1ng high tide of 11.30 m. o S ' ' '

In the Las Pifias and the Zapote rivers, the stretch of about 5 km
from the river mouth is affected by the tidal fluctuation. Durihgfhigh
tide in Manila Bay; the bankfull flow capacity in the downstream of Las
Pifias River is almost nil and the middle stream will have about 10 m3ls |
of the bankful} fTow capacity.

San Dion1sio and Paranaque rivers interconnect the aforementioned
three rivers. Since the rivers run on flat and Tow land the flow
capacity is almost nil when the tidal level is high '

3.6.2 :Drainage System

Two areas in Metro Hanila have been prov1ded with drainage systems

in accordance with the1r own master p1ans. These areas are the Manila

and Suburbs Draxnage Area and the Dagat Dagatan in. the Malabon Navotas
Drainage Area. The capac1ty of these systems have been evaluated

Calculatzon Cond1t1ons

(1) Equation for Flow Capacity‘E’stimat{on |
(a) For Open Channel

- Non-Uniform Flow Calculation Method
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(b) -~ For Culvert

~ Uniform f!ow'ca1culat1onIWhen the water level at the outlet

is lower than or equa1 to 90% of the depth of drainage mainloutfall

: and pressure flew calcu]ation when the water level at the. outlet is
higher' than 90% of the depth of drainage mainfoutfall.

fé)‘hRoughness Coefficient

H;-_ié): _For_ppen Channe} o oy 0.030
S Rroert o

(3)e'Hyera31%C'Beeedar§ Condieien. |

The 5drainage “channels. are classified into. two typeé ”from “the
vieﬁpofnt'iqf; dréinage method;-.name1y, the channel - without pumping
statien<WhiCh“drains'fieod-water by gravity flow and the channel with
pumping;StatiOn;at its downstream end.

(a) - For Channel Without Pumping Station

' The higher water level between _the Design High Tide
(EL 11 80 m) and the De51gn Water Level at the outlet.

“j;(e)_' For Channel With Pump1ng Station

Pump Start1ng water Leve] (PSHL) and Mean Spr1ng H1gh Tide
EL1130m.: : e :

_ F]Ow-Capacity Eetimate ef'bra1nage Facilities

”The capacity of ex1st1ng drainage facilities, namely pump stat1ons
and pr1nc1pa1 dra1nage channels, are discussed hereinafter, comparing
' 'with the requ1red pump capac1ty and peak d1scharge for io-year and

5-year return per10ds. :

'(1) Manila and Suburbs _i

The capac1ty of ex1st1ng faC1l1t1es is tabulated in Tabie 3.6-1.
For cenvenience, the tentative names: for drainage districts given before
are aiso used. The follow1ng are the exp]anations on the capacity of
ex15t1ng dra1nage fac111t1es of al! the draanage diatrictse
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(a) Sunog Apog

:The principal drainage channels are Estero de Vitas, Sunog
Apog, Maypajo and B]umeﬁtritt_Interceptbr.i The laft bank of Estero
de Vitas 1is lower than the Design. High Tide around the junction
~with Estero de Sunog Apog. The survey was not conducted for Sunog
Apog and Maypajo but their capacity s estimated at 56 md/s and
35 m3/s, respective!y, according to the data described in -the
Appendices of Preliminary Alternative Master Plan Strategy Repott
for the Metro Manila Integrated Urban .Drainage and Flood Control
Master Plan (hereinafter referred to as the E/S Report) and ‘so on.
These two esteros have the capacity of less than a 5-year return
period. ' - -

The outlet of Blumentritt Interceptor is-low and thus the
pressure flow cond1t1on is estimated to occur when the sea- 1eve1 is
EL 11.80 m. " Blumentritt Interceptor can convey 20.0 m3ls under ‘the
pressure cond1t10n, which is lower than a 5 year return per1od
flood discharge. '

(b) Vitas
The principai dra1nage channeis cons1st of Estero de Vitas and:
Esteroc de 1a Reina. The flow capacity of Estero de Vitas is 50 m3/s

and that of Estero de l1a Reina is 20. m3/s. The flow capac1ty s
smaller than a 5-year return period flood 1n 311 reaches. .

{c) Balut

In this area, the laterals. are the existing _drainage
_fac1]1ties.‘ ' . o

(d)"Northeést_Pa$1g'
The laterals are the existihg drainage.faci]ities.
() Valencia P.S;'

The pr1nc1pal drainage channels are- Estero de Valenc1a and
Visayas Main. The flow capacity of . Estero de VYalencia was
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estimated at 30 m3/s based on the E/S Report, etc., and this is
“smalier than a 5-year return period flood. Visayas Main can convey
a runoff discharqe of 18 m3/s, corresponding to aTmost a. 10 -year
return perind under pressure flow condition. The capacity of the
VaTencia_Pumping Station_is 1ess than a 5-year return beriod f1o0d.

(f):'AvilesfSampaloc P.S.

Estero de Sampa]oc ‘and San Migue] are princ1pal open dra1nage
channels. _ _Lepanto-Gov. Forbes Main’ connects with Estero de
Sampaloc and two drainage mains; namely, Lepanto Joseph1na Hain and
"fEconomia Main. ‘The Aviles- Sampa]oc Pumping 5tat1on has a capac1ty

- of almost a 5-year return period. '

Estero‘de san Miguel has a sma!lfcfoss'séCtion;-thus, the flow
capacity is & m3/s and less than a S5-year return peridd'flood._ For
'fEstero de Sampaloc, the cross sectional data "in 1988 is not
avaiiab]e but the flow capac1ty is estimated at 40 m3is based ‘on
'the EIS Report," etc., and: this is a little bit smaller than a
5~year return period flood.

Judging from  the elevat1on ‘of . outlets of drainage malns,
_ Lepanto Gov. Forbes and Lepanto Josephlne Mains can drain water in
the open channel condition whi?e Ecorom1a Main is in the pressure
~ condition. . Qut ef the three drainage mains, only Lepanto- Gov.

~ﬁjForbes Ma1n ‘can. convey a Io-year return period flood, The othér

drainage malns have the capac1ty of ‘1es3 than a Swyear return
period._ '

":(g) Quiapo P s.

‘In th1s drainage d:strict, the-pfincibal open channels are
Estero..deg,ouiapo and San ‘Miguel, ’while the drainage main 1is
_w;5everiﬁb Reyes.: The: flow capacity of Estero de Qu1ape and San
i ngue] are 4D m3ls and 20: m3ls,i respect1vely.-- The . design flow

;‘capacity of Severino Reyes 5.7 m3ls under - pressure condition.
'Among these channe]s, Esteros Quiapo and San Migue} have the.
_capac1ty a]most equa] to a 10- year return period flood, ‘while the
_dra1nage main has lass than a 5- year return period. The‘capa;ity
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of Quiapo Pumping Station is between a S—year and a 104year_feturn
period flood. -

() Binondo P.S.

The principal drainage channeis are Estero de Binondo and
Estero de 1a Reina. Dur1ng pump operation water of Reina flows in
reverse, The flow capacity of Estero de Binondo is a 11ttle bit
smailer than a S5-year return period. Estero de la Re1na has the
small flow capacity of 1ess than & 5-year return period especially'
in reverse condition which 1is less than the pump capac1ty,v The
pump capacity of Binondo Pump1ng Station is a]so less than a B—year
return peruod.

(1} _Northweét Pasig_

In this area, the laterals are the ‘existing drainage
facilities. | o o S

(i) North Manila Bay

"The_-principaixidrainage .channels are: two drainage mains;
‘namely, Pacheco and Lakandula. = The outlets of both mains are
submerged when the sea level rises at 11.8_m;-gUnder_the pressure
‘condition, Lakandula Main can convey a 10-year return period flood,
while Pacheco Main has a Capacity of less than a 5-year return
period. ' v RS -

(k) Makati Slope

Zobel Orbit Outfall is. the pr1nc1pa1 dra1nage channe] wh1ch_
drains flood water into the Pasig River by gravity flow. For this
.channel, the design: high water Tevel of the Pasig River at its
outlet (EL 14.0 m) is’ used as the hydrau11c boundany condition._
Under this- water Yevel, pressure f%ow ‘condition occurs: and’ flow
capac1ty is about equal to a 10—year return period discharge.
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(1) Makati P.S.

The princ?pal drainage channels are Makati Headrace No. 1 and
No. 2, which have enough capacity to convey a 10-year return period
discharge. The pump capacity is also of the same degree of safety.

(m) Sta. Clara P.S.

Estero de Sta, Clara which is the only principal chanpel in
" this drainage district has a capacity to convey a discharge
equivalent to thé pump capacity of 5.3 m3/s. The capacity of the
Sta. Clara Pumping Station 1is less than a 5-year return period
flood.

(n) San Andres

The prihcipai‘drainage channels are Estero de Pandacan, Tripa
de Galiina, Tributary of Tripa de Gallina and Vito Cruz Outfall.
The flow capacity is too small in Estero de Pandacan (3 m3/s) and
Tripa de Gallina (5 m3/s) compared with a 5-year return period
flood. As for the tributary of Tripa de Gallina, no cross
" sectional data is available. Vito Cruz Outfall can convey 4 m3/s
under pressure flow condition when the tide level is EL 11.80 m.

" (o) Pandacan P.S.

Estero de Pandacan is the principél drainage channel with a
flow capacity of 15 m3/s. This capacity is bigger than the pump
capacity but smé]ier than the peak discharge of a 5-year return
period. The pump capacity is less than a 5-year return pefiod.

{p) Paco P.S.

. The pranc1pa] channels are Estero de Paco and Concordia. The
_ flow capacity of the down reaches of Paco is enough to drain a
lﬁ—year return per1od flood, while the middle and upper reaches
“have the capacity lesser than a 5-year return period flood. The
‘ipump capac1ty of the Paco Pumping Station is less than a b-year
Areturn per1od.
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(g) Balete

The exieting drainage fecilitiee are jetereTs.
{r) Southwest Pasig

Thelleterais ere_the eXisting dreieege:fetitities.
(s) South Manila Bay |

Two drainage mains have been 1nsta11ed- namely, Padre Faura
end Remedxos. The eutlets of both meins are high dnd so - open
channel row occurs. for the Des1gn High Tide. Both drainege_ma1ns
can dratn a 10-year return period flood, o

(t) Libertad P.S.

The princ1pa] dralnage channe]s are, Estero Tr1pa de Gallina,
Zobel Roxas Main and. three (3) eutfalls, nmne]y Buendia-Ruxas,
Libertad and EDSA. The flow capac1ty of Estero Tripa de Gail1na
between Zobel Roxas Dra1nage Main -and. Buendia- Roxas Uutfal] is too
small compared with the discharge correspondlng to the pump
) capacity, On the other hand one drainage main and three outfa]ls
“have the flow capacity equal to. a 10~year return period. The flow
‘condition of Zobel-Roxas 1is pressure. flow, but outfalls are
considered to be in open channel. flow -condition since the water
tevel at pumping stations 15 kept to be Tow -due te the large_
retarding pond and Tow pump starting ‘water leve1 The pump'
capac1ty of the L1bertad Pumping Station exceeds a 5 year return
perxed flood, ' '

{u) Trwpa de Ga111na B.S.

. Estero Tripa de Gallina and the De}a1n Creek are the princ1pal
drainage. channeis. Tr1pa de Ga111na between “the’ EDSA Outfall and_
the Delain Creek has the capacity of more ‘than a 10 year return_

_ period flood, whx%e the other stretches have less than a 5 year' '

return per1od f1o0d. _As’ for- the Delain Creek no data is

" available. The Tripa ‘de Gailina Pumping Station has the capacity
of more than a 5-year return period flood. .
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(2) Dagat-Dagatan

In Dagat-Dagatan, drainage can be done by gravity flow due to the
rather high elevation of the land. The following are the comparison of
the capacity of drainage channels with peak discharges of 10-year and
5-year return period.

~(a) Spine

The flow capacity of the main drainage channel of Spine is
25.8 m3/s, which is a little bit smaller than a 10-year return
period flood (26.3 m3ls) but bigger than a 5-year return period
flood (23.6 m3/s).

(b) Saluysoy

~ The Saluysoy channel has the fiow capacity of 17.4 m3/s, which
is also a little bit smaller fhan a 10-year return period flood
(17.7 m3/s) but bigger than a 5-year return period flood
(15.9 m3/s).

(c) Maypajo

There are two main channels called Northern Drain and Southern
Drain which are connected to Esterc North Sunog Apog. The capacity
of these.channels are 10.9-m3/s ‘and 3.0 m3/s., respectively, which
are less than a b-year return period. However, in both the
drginage areas, floodwaters of some 50% of the areas are designed
t0 be drainéd into Estero North Sunog Apog through laterals,

‘therefore ‘the two main channeis can convey a B-year return period
flood from the remaining areas

(d) Kapitbahayan

In this area, laterals are the existing drainage facilities.
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Evaluation of Drainage Facilities

(1) Manila and Suburbs

Two main-drainagelfec111ties in Manila and Suburbs,'namely main
drainage channels and pump stations are evaluated hereunder.

According to the flow capacity of drainage channels mentioned
before, the main drainage channels in 6 of the 16 drainage districts
have the capacity that 1s=a1mnst_equ1va1ent to'a 10-year return period
flood at their ‘lower reaches, while: those 1n'the other 10 drainage
districts have the capacity lower than a 5 year return period fldod.

: Main dralnage channe1s in 3 of the 10 drainage distr1cts, name]y
Vitas, San Andres and Sunog Apog will be improved into a safety degree
of 10-year return per1od together with the construction of the 3
pumping stations mentioned below under the Metro Man11a F]ood Contr01
Progect. Prior to this project the Project for Retrieval of Fldod
Prone Areas in Metro Man1la will be 1mpiemented ‘to dredge esteros and to
declog the drainage mains/outfalls and laterals in all the dra1nage-
d1str1cts of Manila City (17 dra1nage districts) Under these projects,
- main dra1nage channels in § of the 10 dra1nage d1str1cts will -be dredged
and deciogged 1t is expected that - the dredging and declogg1ng wWork
will contibute to the restoratlon of their orlglnal fiow capacity wh1ch
may be a 10-year return period judgtng from the design safety degree of
pump stations and drainage ma1n/outfalls.__ ' S oo

Regardrng pump stations, of the 10 drainage districts with pumping
statxdns, 5 drainage dx;trxcts have pumps W1th the capacity exceedlng a
5-year return period and 5 have the capac1ty lower than a 5-year return
period. '

There are 5 drainage distrtcts presently under the gravity drainage.'
me thod that need the constructiun of pumping stations. In 3 of these 5.
drainage dlStfiCtS, namely V1tas Balut and San Andres pumping stations'
will be constructed with the safety degree of a 10-year return period '
together with the improvement of related dra1nage channels, under the
Metro Manila Flood Contro1 Project._ The following table shows the. totaT
pumping capacity in Manila and Suburbs, together w1th the pumping
capacity required for 10- year and 5 ~-year return period floods.
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(Unit: m3/s)
North Manila South Manila Manila & Suburbs

Item & Suburbs & Suburbs (Tota))
Present Pump Capacity 45,5 128.3 173.8
Capacity of Planned 33.8 17.4 51.2
Pumping Stations (Vitas 31.8) (San Andres)

(Balut 2.0)
Total 79.3 145.7 225.0
Pump Capacity for 103.9 169.1 273.0

10-year Return Period

Pump Capacity for 82.7 135.6 218.3
b-year Return Period

After completion of the Metro Manila Flood Control Project, the
total pumping capacity in Manila and Suburbs will reach 225 m3/s, which
will exceed the pumping capacity required for a 5-year return period
flood. In addition to the increment 1in pumping capacity, the flow
capacity of the drainage channels in Manila and Suburbs will be improved
under the two projects mentioned before, so that Manila and Suburbs witl
havé'tha highest level of safety against inland water fiooding compared
with the other 8 drainage'areas.

(2) Dagat-Dagatan

In this area, all main drainage channels (drains) have the capacity
of more than a 5-year return period. To raise the safety degree in this
- area -to a 10-year return period, the construction of small channels
(1aterals) are enough even in the two drainage districts of Spine and
Saluysoy where the runoff discharge is large, because the capacity of
main drainage channels is these two drainage districts is almost equal
to a 10-year return period. '
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3.7 Water Quality

3.7.1 Water Quality in Major River Channel

Pasig-Marikina River

{1} Pasig River

The Pasig River has been c1assif1ed as C]ass “C" water body which
is lntended for the ‘propagation and growth of aquatic 1ife by the
Government of Philippines {refer to Table 3.7- 1)__ Howeyer, the average
concentration of water quality of the river during the'oeriod'from’IQSZf:
to 1987 has shown high contaminated cond1t1ons, especially organiC'
poltution. For examp]e, the average of annual mean vaiues of BOD in the
rainy season ‘from 1982 from 1982 to 1987 are more than 20 mg/1 only,

_except for Bambang, and DO are less than 5 mgil at. all mon1tor1ng
stations. In the dry season, the concentrat1on of BOD shows about
30 mg/1, slightly higner than that of the rainy season. '

(2) Marikina River

The upper most area of the Marikina River is designated C]ass "A"
and the lower is Class "C". The water qua]ity at Montalban “which 15
tocated at the most ‘upper area among three major monitoring stations,
shows very clean and uncontam1nated conditions ma1n1y due ‘to little
d:scharge of domestic sewage and to act1ve self- purif1cat1on under the
_ anaerobxc “conditions. However,' the concentrat1on at the - downstream _
stations becomes high and shows cons1derably contaminated condition of
the river water. The average of annual mean values of BOD. is. about
20 mgll, and 1t is aTmost the same-as that at Guadalupe in Pasig River.-
There 1s no considerabie difference in - BOD between the dry season and
the rainy season, ' : '

(3) San Juan R]VEF

San-Juan R1ver is one of the tr1butar1es of the Pasig R1ver and it
has heavi]y contaminated condition cond1t1ons. The annual ‘mean va]ues
of DO in the razny season at four monitor1ng stﬁt1ons are almost 0 mg/l
and the concentration of BOD is about 50-60 mgll, nearly two or three
times higher than that of Pasig River. Moreover, BOD values in the dry
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season are about 70-80 mg/1, considerably higher than those of the rainy
season.  Theréfore, it is considered that the water in  the: San Juan
River 1s almost under the anaerobic condition all year long, and it is
very hard to attain the compliance of Class "C",

Malabon~TU11ahan River

“The Ma]abon -Tullahan R1ver is a 26 km long waterway that runs from
the La Mesa Reservo1r in Nova11ches emptying 1nto Manila Bay. The
continuous and ind1scr1m1nate dumping of all kind of wastes to the river
has resu]ted 1n murky water with 2 fou] odor, heavy s1ltat1on and
extinction ‘of aquattc 11fe. “Now th1s r1ver is the most polluted 1n
Metro Man11a especially at the m1dd1e reach. area. ' The average
concentration of DO 1n the ra1ny season 15 a]most 0 mg!],.and BOD -is
about 40 50 mg/l at North Expressway, MacArthur Highway and  Governor
Pascuai. In the dry season,. the river shows - heavier ‘contaminated
conditidn, BOD'is almost 60 mg/1, compared with the ra1ny season. At
_ present there 1s no class1f1cat1on in this river.

-'Buli-BahoeMahaba River'-

The Baho, Buli and Mahaba rivers which flow 1nto the Laguna Lake,
are located in. the east s1de of the Hangahan F]oodway._ At present
there are no data re]ated to water qua11ty of the rivers.. Water quality
is current1y considered to be 1n heavi’y deter1orated cond1tion due to
the discharge of untreated wastewater to the rtvers as determ1ned from
the :interview survey and field reconnaissance by the Study Team.

-Sduth Paraﬁaque-Las Pinas River

The South Paraﬁaque River fiows from the southern part of Estero
Tr1pa de Gallina to Mani]a Bay, and the Las Pifias River joins the South

'_-Paranaque R1ver and the Zapote R1ver 1n the ]ow lying area ad;acent to

the seashore.f The water quallty at the monitoring stat1ons which are
1ocated ' near_Han11a Bay, show the re]at;ve}y clear.conditjon than ‘those
'dffthé”inTand?area; “"AltHough thefsouthfﬁaraﬁaque'R1Veh"and'the Zapote

-:-River “are both designated the water bod1es of Class  "C", -'h

concentration of BOD of ‘the South Paranaque River 1s about’ 30-40 mg/l
and it is h1gher than the criter1a of Class “CY.. Though the va]ues of
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BOD in the dry . season are higher than thoSe of the rainy season, the
dgifference is not so big. :

Laguna_Lake

Laguna Lake 15 a shallow lake, average:wafér depth is about 3 m,
immediately inland from Metro Manita. It serves as a natural detention
reservoir for discharges from the Pasig River, the Marikina River and
the surrounding tributar1es of the lake.. The LLDA is undertaking water
qua]rty mon1toring program at four mon1toring stations on ‘the lake. The
existing lake water quality is rather clean with a high concentratien of
pO0 (7-8 mg/1) and low of BOD (2-3 mg/]) It complies_ with the
designated criteria of Class "C'. o |

3.7.2 Water Quality in Dra1nage Channel

. The water qual1ty of estero and creeks is quite different 1n the _
raipy season and the dry season.  In- the rainy season, the mean
concerntration of BOD in estero is about 13 mg/1, ‘which 1is lower than
‘that of the Pasig River. - On  the other hand,_ heavily polluted
conditions, the mean concentration of BOD 1s abgut 70 mg!l can'be found
during the dry season. Espec1a11y,_the concentration of BOD of Estern
de Paco, Estero de Valencia, and Estero Tr1pa de Ga!]ina are over
100 mg/1, mainly due to 'dimish1ng flash out and di}ution effects of
polluted water in esteros. R B ) :

3.8 F100d1ng Condition

3.8.1 Frequency and Inundat1on Area of F]ood1ng -

Metro Man1ia suffers from ser1ous fiood damage in 1948 1966 1967
1970, 1972, 1977, 1986 and 1988 Floods were caused by overtepping of_

the main rives as. we}l ‘as inland water.' Once this type of . flooding o

_gccurs lowaly1ng areas in Metro Man11a along the Manlla Bay and the
Laguna Lake are tota]]y submerged. _In addition to this type of
flooding, local inundation takes p]ace at a number. of low-Tying Spots in
every heavy ra1n. ' ' ' : |
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Flooding 1in 1986 caused by Typhoon Miding inflicted the most
serious damage in recent years to Metro Manila. The NCR Engineering
District Offices conducted a survey on the September 1986 flood in
cooperation with the JICA Study Team in March 1988. The flood area in
Metro Manila reached 86.7 km?, 14.5% of Metro Manila. When the flooded
area of Cainta and Taytay located in the Marikina Valley are 1nc1uded,
the total flooded area was 103.6 km as shown in Fig. 3.8-1.

Flooding in 1988 caused by Typhoon Unsang also inflicted serious
damage in the Marikina Valley and in the low-lying shoreline area of the
Laguna lake because of the overflowing fiood water of the Marikina River
and . the incremented high lake stage. Especially the village of
Provident Subdivision located at the right bank side in the lower reach
of Sto. Nifio :was damaged tremendously because of the destruction of the
river wall by the flood flow.

3.8.2 Causes of Flooding

The area of Metro Manila is covered with the active/former tidal
flats along the Manila Bay including the part of Manila City, alluvial
plain from Marikina to' Laguna and tuff plateau running from north to
south in the middie part of Metro Manila. It is basically situated
where the topography is vulnerable to flooding aggravated by a
combination of the following major causes:
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cause

Resu1£s

Rapid'large-sca1e urbanization

Poor capacity of river channels

Poor capacity of drainage facilities

pPoor maintenance of drainage
facilities

Squatters establishment

Institutional problems and
financial restraint

Creat1on of new 1mpervious areas
with higher peak runoff

Overbanking of.rivgr;water:_

Creation of local inundaiton -
portions '

Reduction of drainage capacities
by blockage with silt, garbage, :
vegetation, etc. -

B]ocx1ng water flow and access
for ma1ntenance -

Delay of prompt implementat1on of
countermeasures.

3. 9 Fund Ava11ab111ty :

_ The fol10w1ng factors were considered in estimating the financ1a1
al]ocatuon for flood contro] and dra1nage works in Metro Manila.

- Estimate of growth of the thppﬁne economy.

- Forecast of'GDP.

- Forecast of the government's deve1opment expehditure._

- Forecast of fiscal revenue,

- Budget allocation to DPWH.

- Regional allocation to NCR. of DPHH S budget for flood control'

and drainage works.

The forecast of the Ph111pp1ne economy from 1990 to 2020 was made_
hy ana]yzing the impact of the size of debt on’ the economy, “or the
economic performance of the past Economic growth rates for a long term
are considered as follows, although a 8. 8% growth rate is° expected

during 1987- 92.
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- 3% pef anhum by taking 1t into consideration to alleviate ert
burden on‘the econemy;

- A% per annum based on past performance conststing of stable and
-unstable periods. - : S

- 5% per annum based on the stab]e period 1n the pasto

The growth rate of 3% strongty reflects the restriction of the debt
issue on the future economy, and the growth rate of 5% will be d1ff1cu1t
to achieve cont1nqous]y for a long time. For these reasons, 4% per
annum is adopted as thelgrowth rate'to'be.actua11y obtainah1e.' -

: Aften=the=GDP_was_pr03etted, the size of development expenditure
was ‘estimated usihg=the average rate of inveStment*te the GDP and the
average rate of development expend1ture to .gross’ 1nvestment during the
observat1on per1od from 1971 to 1986. The tax portion of the fisca!
revehue was estimated s1mp1y by mu!t1ply1ng the tax flex1b111ty w1th the
econom1c growth. The PDFt]OH of non tax Was est1mated by the proport1on
- of non- tax to tax. ' ' ' |

The institutional (DPWH)  share of development expenditure Was
- estimated on the bastis: ‘of :actual rate of DPWH's ‘expenditure to the total
:develepment expend;tures during 1981 a6. The rate of 1nvestment
allocation to. DPHH was calculated at 15.5% on the average.

The regional aiibcation of DPNH 5 budget on fiood cohtr01 and
dra1nage works in NCR was est1mated on the bas1s of expenditures cn
'-ob]igation bas1s during 1978 ‘to 1986, This will tend to overestimate
'the spending a]loeation to DPWH s1nce actua] expenditure was less than
the obl1gat1on basis. The regional ai?ocat1en of DPWH's 1nvestment to
NCR is about 16% on the average, while the sectoral aI\ocatwon of
minvestment to f]ood controi and dra1nage works 1n NCR 15 about 254.

_ Table 3.9~ 1 shows the annual pub11c 1nvestment on flood control and
' _drainage works 1n NCR by econom1c growth rate.3 The f1gures on this
table are expressed at the 1988 constant pr1ce. In case the growth rate
is 4% per annum, "the accumilated amount of pub11c funds up to the year
2020 is estimated at 14,06 bi]lion pesos '
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CHAPTER 4. BASIC CONCEPT OF PROJECT FORMULATION

. Three plans are to be formulated in this study; namely, “the
Framework Plan, the Master Plan and the Priority Project. ;Tho main
planning criteria and conditions include target “completion year,
coverage area, tand use conditions, design return period of flood, and
financial conditions as shown in Table 4.1- 1. '

4.1 . Framework Plan

‘The Framework Plan covers the whole area of Metro Maoiia and - the.
municipalities of Cainta and Taytay., It presents the ‘outline of the:
future comprehens1ve f!ood plain management for these areas after full

urbanization has been atta:ned. This plan’ cou]d serve as a.guide .in
planning a project master plan with a smalier scale. '

- The project scale adopted for entxre stretches of rivers is a
IUU-year return period flood, whi1e it is a 10-year return period flood '
for all the drainage systems._ The runoff ratio for each sub- basin was
estimated on the basis of land use conditions at the year 2020. wh1ch
may be the most distant future possib1e to predict: land use. Financial
aspects were not considered and no definite de51gn period was:setf

4,2 Master Plan

Since the whole Framework Plan is 'maybé_ 1moraCt1cal due to
financial constraints, the Master Plan was formuiated 'within':the
financial capacity of the organ1zat1on concerned by appIying a 1ower”'
degree of safety from flood1ng or vary1ng the design return period
according to the river course and drainage area. '

4.3 Pr1or1ty PrOJects

H1th1n the framework of the Master Plan priority projects wiil be_'
formulated for rlver courses and/or dra1nage areas that are now very

vu]nerab1e to #1000 damage and thus requ1re urgent countermeasures-'

against f}ooding. The p}anning cr1ter1a for pr1ority projects.consist,
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amﬂng'othefs, the design peribd’of 2000 and the conditions of present
Jand use for the benefit calculation,

In order not to duplicate the same kind of works, the degree of
safety and des1gn runoff dischaige are, in principle. the same as those
of the Master Plan that will be completed by 2020, The projects are
expected 1o be 1mplemented w1thin the present financia) 1imitations.
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CHAPTER 5. FRAMENORK PLAN

5.1 Premises and Conditions for the Study

In accordance with the study resu]ts on the existing condition of
the area and the basic study and analysis as ment1oned before, the
Framework Plan is studied on the basis of the premises and conditions
discussed in Chapter 4, These prem1ses and conditions are described
more in detail as follows. '

Tarqet Comp}etion Year

The target complet1on year for. the Framework - Plan is not specified,
but it concerns the far future, because this plan presents the outline
of the future comprehensive flood plain management for Metro Manila and
some of its neighboring areas after full urbanization has been attained.

" Study Area

‘The Framework Plan is prepared'for the fo11ow1ng'river3'and'areas
(refer to Figs. 3.1-1 and 3.4-1). ' | '

(1) _River System
- Pasig—Hérikina River 1hc1ﬁding San_Juéhlkiver
- Ma]abon—Tﬁiiahan River
- Buli-Baho-Mahaba River
| - South Parafiaque-Las Fiﬁas River
(2) Dfainage Area
- Méniia and Suburbs
- 'Ma1abon¢Navo£as
- .East 6f Mangahan

- West of Mangahan

- K0 -



- San Juan

- Mandaluyong-Pasig

- Mar1k1na-

- Parafague-lLas Pifas
- Valenzuela

The study on the Meycauayan River and the Zapote River, which are
located at the northern and the southern boundaries of Metro Manila,
respectively, are not included in the scope of this study.

The Meycauayan River has frequently flooded the Malabon, Navotas
and Valenzuela (MANAVA) area. Therefore, the drainage plan of the
MANAVA area is to be formulated under the condition that the floodwaters
of the Meycauajan River is controlled completely by the construction of
a.dike on the teft bank,

The Zapote River causes flooding to the Tow land area, but it is at
present connected to a small river, the San Dionisio River. Since the
drainage plan 1in the low land area could not be formulated without
CUhtrollihg the floodwaters of the Zapote River, the floodwaters of the
Zapote River is planned fto be drained directly into thefﬁanila Bay.

Land Use Condition

The land use conditions at the year 2020 is employed. In the
present study, the land use conditions at the year 2020 is the farthest
that can be set. (Refer to Table 3.1-2.)

Runoff Discharge

The design discharge for this study was calculated on the basis of
the land use conditions at the year 2020.
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Safety Degree and Design Discharge

To prepare the Framework Plan, the following design return periods
are adopted for the river and drainage systems.

- River System :  100-year return period
- Drainage System ¢ 10-yedr return period '

- Laguna Lakeshore Area: -Recorded Maximum High Water Stage
: ' (40 year return . period)

The above were determaned from the rev1ew of the previous plan and
5tud1es considering the importance of the: metrop011tan area with a high
development potential. Flood control of r1vers in the Philipp1nes 1s

mostly planned with a 100-year return period even though there is- no B

definite standard. Dra1nage channels and facilities are p]anned to be_-
constructed with a 10-year return period in the city of ‘Manila -and
suburbs. '

Hydraulic Boundary

The tide Ievel of Man1la Bay 15 set -as follows in accordance with
the results of the hydro]og1ca1 analysis._

(1) Mani]a'Bay Tide

~ River Flood Water ~ : Mean Spring High Tide at 11.30 m .
Caiculation

- Inland Water Drainage: 11. 80 m, h1ghest ttde level on
Calculation record

{2) Water Stage'of Rivers

Adopted are the higher stage . between the above Manila Bay t1de
Tevel and the river water stage computed from:- non- unifonu ca]cu]at1on
with mean spring high tide at EL 11.30 m of Manila Bay. _
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5.2 Proposed Plans for River System
5.2.1 Features of Proposed River Plan

Pasig-MarikinéfRiﬁer

(1) 'Ba51c_Anéiysfs'for.Se}ection of the Proposed Plan

To establish the flood control plan of the Pasig- Mar1k1na River
System, var1ous plans or . comb1nation of plans were considered.. Among
them, the major components that can be independently studied are ‘herein
discussed ahead, as follows. '

(a) 'Efféct df Sho'rtcu‘t'o'f:thé Pasig River -

“iThe: possibility of a ‘shortcut’ in the ‘stretch of the
*meander1ng port1on from Sta. 8+295: (downstream of San: Juan River
confluence point) to Sta. 114295 (upstream of - San- Juan: River
'confluence po1nt) was 1nvestigated. ~ The: effect of water stage
reduction by the construction of 'shortcut works cannot be expected
“much. and th:s would requ1re a huge construction ‘cost and a number
of house evacuation. Therefore, it has been cqnciuded that the
construction of a shortcut channel is not feasible. |

Z(b)l-fiﬁbrbvémént offsan Juah'River:_

: The existing flow: capac1ty of the San Juan River is less than
' 200 m3ls and the runoff discharge of a 100-year return per1od is,
_on the other hand estwmated at 900 m3/s. Severa1 1mprovement
":fplans for the San Juan River are studied. | '

The most recommendable 1mpr0vement method is the plan wh1ch

) wou]d 1ncrease the flow capacity by the constructaon of river wa]l

f}and the excavation of the river channel, apply1ng an approx1mate

fw1dth equiva1ent to the present channe\ widih to avoid a number of
ﬁéhouse evacuat1on .
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(2) Proposed Plan

several alternative plans were prepared in consideration of such
basic factors as increment of flow capacity of the present Pasig River
and utilization of the Laguna Lake as retarding basin.

After the comparative study from the economic and sob?él"aspeéts,
proposed are the plans compr1sing river 1mprovement works for. the Pasig,
Marikipa and San Juan rivers, the MCGS construction works for diverswon,
and the Mar1k1na Dam for d1scharge regulation. o

The safety degree of the Pasig Mar1k1na River 1s set at 100 yeaf '
return period by regu!at1ng the flood discharge with: the Marikina Dam as
well as confining the flood discharge in the river channe] and ‘the
safety degree of .the proposed river improvement 1is 30-year return
period. The remainxng d1scharge of up to a 100-year return: period is
thus control!ed by ‘the Marikina Dam. s

The main features of the proposed structures are as fo110ws. The
des1gn discharge d1str1but1on is shown in Fig. 5 2 1. '

(a) River Improvement

Design

_ Discharge Léngth ‘Width . . e Proposed:
River Stretch (m /s) (m) (m) X-Section Structures
‘River Mowth/ 1,150 8,735  250-80 Single = - °Sheet Piles
San Juan R. . o TR  {Rectangular/ °Parapet Wall
Conf]uonce _ -_j‘Trapezo1da1)“__ N
San Juan R. 500 9,760  80-110 -ditto- °Sheet Piles
Confiuence/ . _ Co °Revetment -
Napindan R. _ o ) °Parapet Wall
Confluence - ' I N i - o _ _
‘Napindan R. 500 5,580 110-100 Single _ °Revetment
‘Confluence/ B (Trapezoidal) ;°R1Ver'wa11
MCGS - S S .
MCGS/Mangahan 500 1,210  100-130 -ditto- ":f°Revetment |
F. Confluence o o °River Hallz_
Mangahan F. 2,900 6,425 130-350 -ditto- . = °Revetment
Confluence/ _ ' o - ®River HWall

Marikina Bridge S R - °Embankment
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Marikina 2,900 5,660 350-300 Compound °Revetment
Bridge/Nangka *River Wall
R. Confluence

Nangka R. 2,600 8,580 300-170 -ditto- °Embankment
Confluence/

Rodriguez

Bridge

San Juan R. 900 10,653 40 Single ¢Sheet Piles

{(Rectangular/ °Revetment
Trapezoidal} °Parapet Wall

(b) Marikina Control Gate Structure (MCGS)

The MCGS as shown in Fig. 5.2-2 is to be constructed at just
-downstream of the confluence with the Mangahan Floodway to divert
the discharge of 2,400 m3/s into the flocdway.

Location : Downstream of confluence with Mangahan
Floodway (Sta. 5+425)

Type of Gate : Roller Gated Weir
Height : 15 m
(c) Marikina Dam (see Fig. 5.2-3)

" pam construction is possible only in the upper reach of the
Marikina River. In this study, the natural discharge regulation
method without artificial operation by gate is considered to avoid
a man-made flood. The dam will be known as the Marikina Dam as
previousiy proposed.

Location . : Montalban Gorge (100 m downstream of the
' ‘ ' existing Wawa Dam)

| fype of Dam = : Concrete Gravity Type

Height . : 70m
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Malabon-Tullahan River

$1nce the basin of the Ma1abon Tu11ahan River has beén' @e111
developed, it is practically difficult to construct flood regulation
facilities such as reservoir, retarding basin, etc., in the _upper 
reaches. ' ' S

To flow out the design discharge of the river safely to the sea in
the downstream area, ﬁhe improvement of the existing river channel is
proposed as the optimum plan. The design discharge distribution is
presented in Fig. 5.2-1, PR R

The features of the'prprSed river improvement. works are ‘summarized
as follows, and the layout of the proposed stretches ‘of the river 1s.
shown in Fig. 5.2-4. : : ' '

De51gn ' : ' BENHE
' Discharge Length w1dth R Proposed
River Stretch (m3/s) (m) _ _(m) . X-Section- Structures
Malabon River 570-520 5,430. - 100-90 Single '.-“°ReVetmeﬁ£'
‘ (Trapezoidal) °Parapet Wall
°Embankment
Tullahan River 480-240 20,500 90-20 ~ -ditto-  °Revetment
' ' °Parapet Wall

*Embankment

Buli-Baho-Mahaba River

There are three rivers that fiow into the!LéQuhé&Eake'tﬁrbugh-the
drainage channei provided along the ‘left side‘Of.the Mangahan Floodway
to the lake; namely, the Buli River, the Baho River, and the Mahaba

River, The flow capacity of their river channeis is extreme}y small, N

and the channels run through the densely popu1ated urban area. '

" The channel 1mprovement by expand1ng“the ex1sting'channe1 ‘width and
excavation/dredging of the channel :bEdf.is the .most and only viable
measure for the upper and middle reaches. 1In this case, a'shdptgqﬁiﬁﬁom
the Baho River to the Buli River is employed because of the apparént]y _
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lesser cost and house evacuation than the improvement works for the Baho
River which runs through the densely popuTated areas.

Considering the: technical point of view, it is proposed that a
backwater dike tc ‘connect with the Laguna Lake is constructed in the
1ower reaches. . Two alternative p1ans, i e,y drainage into the Mangahan
:Floodway and dra1nage into the Laguna Lake, were also studied with the
construction of backwater dike. Although both plans show on]y a little
difference. in their construction cost and the number of house

evacuation, the measure of dra1nage into the Laguna Lake 1s considered
{to be more app11cab1e for the reason that the measure of dra1nage into
' the Mangahan F1oodway may cause con51derab1e scouring at the conf1uence
points between the r1vers ‘and the f]oedway. (Refer to Fig. 5, 2 5. )

_ 'The feetures‘of the'proposed r1ver.1mprovement”works are'summariied
as. fo}}ows,"and_ the Tlayout of _the proposed _etretches is _shown in
Fige.ﬁzzés-.‘ '

Des:gn

oo Discharge Length  Width .. . Pproposed
River S;re;ch_ (m /s) (m) (m}) X-Section Structores_ |
Mahabe,River‘_ ﬂa‘_lgb : 5;000 50-25 Single.. . . °Embankment
e e e . . {(Trapezoidal) - . -
Baho River  335-280 7,450 50-40  -ditto- . . -ditto-
Buli.River = .330-80 =~ 19,900 50-10  -ditto- - ~ditto-
. (incl. | |
_ ]tr1butar1es) AT : : o ‘ oo .
 Mangahan -5'57-0-3'4'-0' © 3,800 90-60  -ditto-  -ditto-

-D1vers1on :

South 'paff«a"ﬁaq‘u'e.‘na's biﬁas--mer

8 The upstream of the rivers included -in this area: is already
'urban1zed, espec1a11y recently, and flood: control by reservo1r is not
:'_recommendeble.‘ The opt1mum way is to drain the runoff dxscharge from.
the upstream hilly 1and or mountain area into the Manila Bay directly by
'channel 1mprovem°nt. (Refer to Figs. 5 2 6 and 5.2 7 )

The features of the proposed pian are as follows, and the layout of

o the proposed stretches is shown 1n F1g. 5.2-7.
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Design

Discharge Length Width Proposed _
River Stretch  (m3/s) _{m) (m) X-Section Structures
Las Pifias 250-220 6,395 50-30 Single °Revetment
River (Trapezoidal) °Parapet Wall

Embankment

South 630-200 6,500 70-30 -ditto- -ditto-
Paranaque
River

(incl. Dongalo River)

Laguna Lake

The level of EL 12.%5 m corresponding to the average'annuai max imum
water level which is the lowest level for land use in accordance with a
presidential instruction is set as the allowable design lake water

levels.

The Laguna lakewater is now discharged into the Manila Bay through
the Mapindan Channel, the Mangahan Floodway and the Pasig River. Thus,
the lakewater stage is deeply related to the flow capacity of these
channets. Lowering the lake water stage to EL 12.5 m'by the Mangahan
Floodway and the improvement of the Pasig River and the Napindan Channel
has technical ilimitations due to the tidal backwater and the discharge
of the Marikina and San Juan rivers. Furthermore, the 1mprovaneﬁt of
the Pasig and the Napindan will require a huge construction cost.

On the contrary, the Paraflaque Spiliway with a channel width of
60 m will enable the takewater stage to fall down to EL 12.5 m with the
cost and evacuated houses lesser than the measure of Pasig and Napindan
channel ‘improvement. Thus, this measure may be concluded as more
practicabie,

The structural features are as follows.
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Resign
Disgharge Length . Width

Propo§Ed Strueture.' /sy - (m) (m) | Dimension

Pasig River ~  1,150-500 18,500 250-80 River Mouth/Napindan

Improvement _ : - River Confluence :

Mapindan Channel 400 (max) 5,242 100  Channel Bottom:.

Improvement : 80 0 in width

Lakeshore Dike . - | 10,700 9.1 Dike Top Elevat1on
~EL 14,20 m incl. 1.7 m

freeboard '

parafiaque Spillway 500 (max) 9,200 150-80 Channel Bottom:
. ' 60 m in width

5.2.2 'FEaturesJof Preppsed Drainage Plan

The areas which Wil need a drainage system have been identified on
the basis ‘of thie past floods and the topography. ' These areas. .are
grouped -into. nine drainage ereas'and the proposed drainage facilities.
are deécribed*herefnefter. The layout -of drainage facilities for each
area is as presented in Fig. ‘5.2-8. '

Manila and SubUrbs

. Man11a and suburbs 1s a low land a]ong Man1}a Bay This area is
d1v1ded 1nto the North Man11a and Suburbs and the South Manila and
Suburbs.;; Both._erees are prov1ded w1th draxnage channeis and pump,
stat1on5.z However, to protect th1s area from a- 10 year return per1od
flood further 1mprovement works such as extension/construction of pump
tat1ons, 1ower1ng of the bed of esteros, and 1nsta?1ation of dra1nage

- mains have. been planned.‘.--

' fThe features of the. proposed drainage faci11ties are as fo!1ows.

k Proposed Structure Quantit! o Dimension
(1) nNorth Manila (Dra1nage Area. 2,858 ha) -
 New Pump Stat1on ST :-j 3 sites | 15,5*eum5'1ﬂ;tota1

" Extension of Existing - SV 2usites 9.2 cums in total
.. Pump Station _ o . R

S Gate ... . lsite 15 tons in total
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Channel Improvement 6,850 m .17-7 m in width
Closed Channel Construction 5,750'm - 3.8n2.5 m_1n Wjdth

(2) South Manila (Drainage Area: 4,314 ha)

New Pump Station 1 site 5.3 cums in tbt&l
Extension of Existing 5 sites 18.3 cums in totél
Pump Station : | o
Gate - 2 sites 25 tons in total

Channel Improvement = 7,750 m - 30-5'm in width

Malabon-Navotas

 Most of this area has a very low-1ying and flat topography located
aibng the Manila Bay. Therefore;'inundatioﬁ-1s'attr1buted to high tide
rather -than river floéd.- The proposed. méasures in ‘this drainage aréh
are, bas1cai]y, ‘the construction of’ r1ng dikes .to protect areas from
high tide, pump statmons to drain “intand water and dra1nage channe}s to
collect inland water. '

_ Regarding the iocation of ring d1kes,__those proposed in the

'Feas1b111ty Study were app1zed to the Framework P]an. Four pumping
stations along the proposed dikes cover all the 1ow areas north of the
Malabon-Tullahan River, so that the 1ntegrat1on of pump1ng stations wiII
minimize cost and the ex1st1ng r1vers/creeks 1n the area are used as’
main dra1nage channels. The features of the proposed drainagé
facilities for this drainage area are as fc]]ows,_ - |

Proppsed Structure Quantitg S 'DimenSHOn”
(Drainagé Area: 2,492 ha) - |

Ring Dike (Relnforcement ' SR
of existing dike) . 22,000 m

Pump Station = 8 sites - .76, 1'cums in.total"
Gate ' . 15sites :”__f240 tons 1n total.
Channel Improvement :" 5,100 m 12 m in width

Open Channel Construction 5,600 m .  12-23m in width
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Closed Channel Construction 800 m 3 m in width

' _ _ _ o X 3 units
Navotas Navigotion Lock 1 site o 20m in width;‘iSO'm
_ : in length

East of Mangahan
This area which 1s situated just east of the Mangahan Floodway, is

ser1ous]y affected whenever the Laguna lake stage becomes high as
witnessed 1n 1986 and 1988 o

In addit1on to the 1akeshore d}ke to protect this area  from
1nundat1on due to the high take stage the construct1on of pump stat1ons
and: -the construct1onl1mprovement “of - dra1nage channe1s to. drain the
_ 1nland water are proposed follow1ng the drainage p1an to be
1mplemented[ For some -of the “pumping stations,’ regolat1on_pond$ are
proposed in the areas with ava11ab1e open space. The features of the
drainage facilities are as follows:' ' '

N P’r'o'posw..d''S\tru:cture:= o 0uantjtg " pimension -

(Drainage Area: 876 ha)

Pump Statien © 4'sites. - 311 cums in total
'”’Gafoﬁloo. i:*ﬁi*'f Gl 4'51te§' R 90;too5 in fotaiu.
ChaonelwImprovément | o 1,10G m .26-75 m in wioth
Open Channel Construct1on N 7;300“m_ o 20-7 m in width
_t;: Reguiatlon Pond MFQ ' :‘ .;-_Z's{tos o 1'60,300_m3.in _
RN G .~ storage '

:__wegf¢a¥fnangahan"

; The west of Mangahan is an extensuve low—lying area borderlng on
the Mar1k1na River, the Mangahan Floodway and the Laguna Lake ‘In 1986
and" 1088 ‘most, of this area was inundated for two or three months due to
the h1go_L§gqna lake stage. For the same reasonymeotxoned in East of
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Mangahan, mechanical drainage method is proposed with:the construction
of the takeshore dike. Regulation ponds will aliso be emp]oyed using the
open space along the lakeshore dike. ' :

Proposed Structure Quantity ' Dimension
(Drainage Area: 3,814 ha) o

Pump Station - 5 sites - 1476 cums in total

Gate 10 sites B - 350 tons in total

Channel Improvement 34,100 i 40-10 m in width

Open Channel Construction 11,000 m = 20-7 m 1n width

Closed Channel Construction 1,450 m 3.5 m in width

S 7 % 3 units

Regulation Pond ‘4 sites 775,500 m3in

- : _ - storage

San Juan

The San Juan R1ver flows ‘down in a hilly land, but a!ong 1ts course
lie low areas where 1n1and water 1nundat10n ‘may occur even after river
1mprovement works of the San Juan’ River. To protect these areas “from
flooding, the constructwon of “new pump stations and. f!oodgates are
proposed for some of the areas and also, closed drainage channels wili
‘be instalied in such areas.

For the three tr1butar1es ‘with low. bank elevat1ons 'at “the o
confluence w1th the San Juan River that cannot dtscharge 1n1and water,
backwater dxkes are proposed to drain floodwaters into the San Juan
River.

Proposed Structure _ Quantitg  '_DimensiQnJ”
(Drainage Area: 1,260 ha) | |

‘Pump Station . 9sites . 52,7 cums in total

Gate s 13 sites . 0 0 128 fonswin-totdi
Channel Improvement -~  1,300m . 8.4m in width
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Closed Channel Construction - 12,300 m 5.7-2.2 m in width
Backwater Dike 3,400 m © 3.6-2.0 m in height

Manda1uyong~Pasig

~ Low land which suffers flooding from the river and by 1n1and water
extends anng both sides of the Marikina River between the Mangahan
' Floodway and the Napindan HCS and along the r1ght side of the. Pasig
River between E£DSA and the junction with the San Juan River. The areas
lecated aiong ‘the: rema1n1ng reaches -are  high and no flooding 1is
experlenced therefore the objective area for.the drainage-system plan
is limited. to the areas that include the low land mentioned above. Pump
“stations are proposed in the- very low area in Pasig, together with- the
construction/1mprovement of- dra1nage channets, while in the. rema:nlng
areas construct1on/1mprovement of dra1nage channels is proposed.-

Proposed:Structure_ IR guant1tg Dimension
(Drainage Area 1,528 ha) | : -
'1‘Pump Station o R 3 sites " ZS,DQeomsfin”fota1

Gate e .. .3 sites. . . 47 toms in total

Chennef'imorqyement 2,500 m 11.3-8.2m in_width
© Closed Channel Construction 8,800 m ~ 4.5-2.9 m‘in width
"fgnaffkina

There are 1owlands aiong ‘the Mar1k1na River from the Junction with
the Nangka R1ver to the Mangahan Floodway The existing resident1a1
areas suffered from serious flood damage especiaily 1n the 1988 flood
and, moreover, the present agricultural land ‘in the flood prone area is
_3planned to be.. changed into an .urban area. The proposed facilities are
f]oodgate and drainage channel in one subdra1nage erea, hile only
'dra1nage channels are p1anned 1n other areas since grav1ty drainage can
be attained thhout gates. o ; '
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Proposed Structure ' Quantity Dimension

(Drainage Area: 1,168 ha)

Gate _ 1 site 10 tons in total
Open Channeil Construction 1,000 m | 15 m fn width -
Closed Channel Censtruction 2,600 m Smin width

Parafiaque-tLas Pifias

Flooding in this area is caused by floodwaters from rivers such as
South Parafaque, Las Pinas and Zapote, as well as -inland water. In
addition the water d1scharged from the Tripa de Gailina Pumping Station
worsens the flood situation along the Paranaque River, - The 1mprovement
works on such rivers as the above divide the area into four subdrainage'
areas. ' oo :

There exist three outfails'whioh'connect thé-Paraﬁaque-RiVer'and
the Manila Bay, aiming to drain flood woter including the Tripa ‘de
Gallina Pumping Station. The dra1nage capac1ty of the ex1st1ng outfalls
is limited, therefore, a new cut-off channel from the Tripa de Gallina
Pump Station to the Manila. Bay is proposed to be constructed.

Without 1nfiow from the.Tr1pa de Gallina subdrainage-aréés,athe'
Parafiague River can store the inland water when initial water level is
lowered to the mean sea level by control gates located at the junct1on~.
of the South Parahaque River and the 1nlet of the outfai?s. In other
subdrainage areas, pump dra1nage is proposed, except for areas which can
drain 1n1and water by grav1ty flow. ' '

Proposed Structure | Quanfifé-:' | _Qlﬂﬁﬂﬁigﬁf
(Drainage Area: 1,543 ha) L L
Pump Station ©2sites  19.8 cums in total o

Gate o '8 sites ooj195 tons 1n total
Channel Improvement o 4,800m ,.-,15 -8, 7 m 1n width .
Open Channel Construction 150m _ 20 m in width
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Cut-off Channel §00 m 30 m in width

Vélénihe?a_

Valenzue1q'is a. low-1ying area:whith_suffers jnﬁndation by5hi§h
water from the'Meycauayan River, as weil as high'tide. The proposed
drainage method is the installation of pump stations and ‘the 1mprovement
of ex1st1ng creeks, as Weli as the constructlon of r1ng dike along the
Meycauayan R1ver and sma11 creeks.

Proposed'Structure ' Quantity Dimension
(Drainage Area: 1,842 ha)

- Pump Statidﬁ __-71_ . 3 sites -10.9 cums 1in total

Gate - . Isite . 15 tons in total
" Ring D%ke'(RéiﬁfOrCemént .  8,¢60 m 'fT '_i.0 ﬁ:héiéhtehing
- Of‘exiSting-dike):. T :
“Channel Improvement R 12,9007m' S 30 10 m in w1dth
-Open Channe1 Construction ’, 500 m | o 3 min w1dth

5.3 Cohstruction Cost

'The censtructlon ccst of the Framework Plan fis estimated at
'21 860 million: pesos: ‘at the pr1ce level of October: 1988, exclud1ng price
contingency, 8 205 m11110n pesos for the river: 1mprovement 4, 000
_m11110n pesos for ‘the Paranaque Sp111way, and 19,655 million pesos for
the dra1nage Tmprovement works, The breakdown of cost for each river or’
_dra1nage system 15 in Tab}e 5.3-1. The location of the Framework Plan
s shown in Fig 5, 2 9. |
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CHAPTER 6. MASTER PLAN

6.1 Premises and Conditions for the Study

The premises and conditions for the Master P]an Study are the same
as those of the Framework Plan Study, except the foHowing° '

Target Completion Year

The year 2020 is set as the target completion year cons1der1ng the
land use conditions which are closely related " to . runoff and
vulnerability to flood loss. (Refer to Table 3.1-2.)

Premises for Structural Application

The Framework Plan was formulated w1thout cons1dering f1nanc1a1
restrictions. - On. the contrary,.the Master P]an 15 to formu]ate ‘the
flood contro] and drainage project that could be rea11zed by the year -
2020 w1th1n the f1nancxal avax?abii1ty up to ‘that year. - Since the
Paranaque Spillway which will require 2 huge amount of. funds s
considered to be practically d1ff1cult_to realize with1n the_year 2020,

“the spillway is excluded in the formulation of the Master Plan. =

Discharge
(1) Runbff Discharge

. The design d;scharge for this study was calculated ‘on. the bas1s of
land use conditions at the year 2020. ' B

(2) Diversion Discharge through Mangahan F1éodway:5_.r

The maximun diver51on discharge of Mangahan F]oodway 15 set at'
2,400 m3/s.

- Hydrau116:80undary

~ The tide Tevel of Manila Bay and the water stage of the Laguna Lake
were set as follows in accordahce with the results of the hydrological
analysis. ' o o SRR '
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(1) River Water Stage Calculation
- Manila Bay Tide : Mean Spring High Tide at 11.30 m.

- Laguna Lake Stage : 12,50 m, to avoid double
accounting of damage due to
inland water inundation and
flood water inundation of river.

{2) 1Inland Water Drainage Calculation

- Manila Bay Tide : 11.80 m, highest tide level on
record.

- Water Stage of River Adopted are the higher stage

' between the above Manila Bay tide
tevel and the river water stage
computed from non- -uniform
calculation with mean spring h1gh

tide at 11.30 m of Manila Bay.

au

- Laguna Lake Stage :+ 13.80 m, obtained from
hydroiogical and]ysis, to reduce
the recorded maximum lake stage of
14.03 in 1972, considering the
flood diversion through Mangahan
Floodway to the lake and the
reverse flow capacity of the
floodway, together with the
flow-down into the Pasig River
through the Napindan Channel, to
lower the lakewater level.

6.2 Alternative Study Cases

For the flood control of rivers and inland water drainage, the
study on the Master Plan was done under the following alternative cases.
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Fiood Control of Rivers

For each of the 'objeétiﬁéf Fivers, the improvement scale of
structures and facilities was considered in five aiternative_ €ases;
namely, 10, 20, 30, 50 and 100-year return periods.

Drainage of Inland Mater

The improvement scale of facilities for the drainage of iniand
water was studied in four alternative cases of 2, 3, 5 and 10 -year
return periods for the 9 dra1nage areas mentioned before. _

6.3 Justification of the Alternative Cases

Flooding Calculation

Flooding inundation by river water with return periods of 2, 5, 10,
20, 30, 50 and 100-year was calculated under the existing condition of
the respective rivers. The obtained inundation water stage for these
seven return periods of flood are shown in Table 6.3-1.

Inundation Calculation

The inland water inundation condition was - calculated in
cons1derat10n of the following scale of structures and facilities.

~ Manila and'Suburbs : Existing condition and 10-year
' return period

- Other Areas . 3 Existing condition, and 2, 3, § and
' S ' 10-year return periods

By adopting the .above scale of structures and facjlit1es; the
following return periods of flood were considered in all drainage areas
in Metro Manila: 2, 3, 5, 10, 30, 50 and 100- -year return period f!ood.
The estimated inundat1on water stages are as shown ia Table 6.3-2.
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: Economic Efftciency of. the Alternative Study Cases

_ As discussed 1n Section 6. 2, set up are five study cases for four
river systems and four cases for nine drainage areas, or a total of 56
alternative study cases. Benefit/Cost ratio was verified to confirm the

economic efficiency for each study case on the following assumptions.

cdnstfuct{oh ﬁgriod isifive years at,equal annua]”djsbufseméﬁts;

Ecdnpmic construction cost is 90% of the estimated cost;

Annual OMR cost is as estimated;

“Project life is 40 yeéf; after construction; and

:Discount'ratefis ISZ-per annum,

:  Deta1ls of the proaect cost are described in Subsection b 4 5, and
the annual : average benefit . was est1mated ‘ as' d1scussed in
Subsection 6.4, ﬁ. " The estimated benefitlcost ratios are presented in
Table 6.3- 3
6.4 Formu]atidn.of thé'naster.P1an.

6 4 1 Seiection of Optimum Plan

The optamum structural and non- structural measures for the Master
Plan were_selected through the following studies.

Dptimuﬁﬁétructﬁrai'HeéSdEé _,

The optimum - structura] measures are proposed in consideration of
_the following cond1t1ons._

(1) Grouping of River Courses/Drainage Areas

“The Framework Plan has been fonnulated to protect Metro Manlla from
' f?ooding/inundation ‘of 100~year and 10- year return periods for ‘the river
“colirse’ and drainage drea, respectively However, it 1s f1nanc1a11y
1nfeasib1e to put this’ p1an into 1mpIementat1on..: In formu!atlng the
Master - P]an, therefore, f1nanc1al capacity is one- of the pIanning '
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criteria, This can be attained by epptying a lower degree of safety
from flooding or varying the des1gn return period according to the river
courseidra1nage area.

The safety degree of applicable structureé_andjfac111ties for flood
control is ‘determined depending on the economic viability and social
significance of each river course/drainage area.. However, ‘there are
four river courses and nine drainage areas and some of “them show a very
similar’ economic viability and social,s?gnificange.. Determinat:on of
the safety degree for each river course/drainage atea is so difficult
that it is proposed to classify'themiinto-severai_grOUps as follows.

(a) River System

Economic viability shows only a 1ittle difference among all
the rivers, although economic v1ab111ty for the Pa51g Har1k1na
River is re]at1veiy h1gher than those of the other r1vers,
Con51der1ng that the Pas1g Mar1k1na River runs through the heart of
Metro Manila which is the p011t1cal, economic and social center ‘of
the Philippines, the degree of safety for th]S river system is
likewise set higher than- the other rivers. Thus, the objectlve
river systems were c1assif1ed into the: following two greups.

_Group A : Pasig4Mafikina River'(ineluding:
(Most Important) San JuenrR1Vér) e

Group B - :~?Bu!1'Baho Méﬁaba'River;':’:7
(Important) _ Malabon- Tu]}ahan R1ver, -and

South- Paranaque ~Las Pifias- R1verr5
{b) Drainage System

In Manila and Suburbs, the drainage fac111t1es are already set-:

with a certain degree of safety, and w111 be 1mproved ‘under the

~ 14th. OECF. Loan. - In other areas, however, Nno. countermeasures are
provided, or that the fac1l1t1es are; inappropriate._ These .other
areas will be classified 1nto two groups, .one group with the. B/C
_rat1o of. more than 1.7 and the other with the B/C ratio :of  less-
than 1 7 (refer to Tab]e 6. 3~3) Thus,_drafnage areas will bet
c]ass1f1ed into the foilowing three groups. ‘ :
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Group A .
(Most Important)

Group B
(More Important)

Group C
{(Important)

Manila and Subuirbs

West of Mangahan;
East of Mangahan; and
Malabon-Navotas

San Juan;

Mandaluyong-Pasig;
Parafiaque-Las Pifas; and
Valenzuela

(2) Alternative Combinations and Setection of Optimum Plan

Based
combinations are set up in terms of the project scale expressed in ficod
return period on the following considerations.

above grouping

of drainage

area,

alternative

- To rank the groups according to their economic viability and

social significance; and

- To place a higher safety degree on the higher ranked groups.

Alternative combinations are thus suggested below with the maximum
safety degree of 100-year and 10-year return periods for the river
course and drainage area, respectively.

'A}ternatiVe Group §1vegroup B _aroup A Dgigﬁggg Group €
Case.1 17100 1/50 1/10 1710 1/5
Case 2 17100 1/30 Existing 1/5 1/3
Case 3 1/30% 1/30 Existing 1/5 1/3
- Case 4 o 1/30% 1/20 Existing 173 1/2
Case 5 ‘17100 - 1/10 1/10 -
‘Case 6 1/30% - 1/5 -

Existing
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[Note] * With respect to the flood control of the Pasig-Marikina
River, the 100-year flood is controlled with a dam and
river. channel improvement works. The most economical
allocation between them is a 30-year return period for
the river channel. Therefore, the maximum safety degree
without a dam. is considered at a 30-year return period.

The totat construction cost required for the above alternative
cases are as follows. The breakdown of cost is in Table 6.4-1.

: -17,009'mi11j0n pesos

Case 1
Case 2 - 13,523 LR
Case 3 . 12,884 0 "
Case 4 : 12,008
Case 5 To10,751 4w
Case 6

: 7,250 " oo

Case 2 ‘is se}ected as. the optimum pTan on’ the ground that the'
required project cost corresponds’ to the accumulated amount of publrc
'1nvestment on the flood contro} and dra1nage sector by the year 2020
that could be atta1ned by the potent1ai econom1c growth rate of 4% 1n
the future Ph11ipp1ne sconomy. The location of the optimcmn plan 15
shown 1n_Flg, 6.4-1. :

Optimum Non-Structural Measure

(1) Publication of Flood Risk Map and.Introduction df'Flobd Proofing

The flood risk map is. proposed to demarcate the present probable
inundation areas caused either by the r1ver channe] overflow or by the
local storm rainfall, R1ver channel overf]ow w111 have ‘a2 long
recurrence perioed, but once it occurs, it wzl] br1ng about severe damage
in a wide area and may cause heavy casualties. In this connection, the
flood risk map for ‘the overflow of  the ‘Pasig- -Marikina - River was
estimated, as shown in Fig. 6.4-2, assum1ng 4 100—year return per1od
flood which corresponds to the proposed des1gn flood level for the river
channel. improvement. - As for the other rlvers, however, except for the
Pasig- Mar1k1na River, the 1nundation phenomena is not 50 clear for the
ground level information, . Therefore, ‘the ftood risk ‘map of
Buli- Baho-Mahaha River, Ma]abon Tuilahan River and South Paranaque -tas
Pifias River could not be prepared in this study. ' |
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'On the other hand, the local storm rainfall will have a smaller
-1nundation:area with a shorter.recurrence period,eoThe estimation.of the
flood risk map for the local storm rainfall will aiso require the subtle
ground.leVei-information and could not be made during this study stage
due to the insufficient available information on ground level.

‘The flood risk map should be published for the information of
peop]e dweliing within the probable 1nundat10n area, and flood proofing |
measures such-as raising the fioor elevation of houseslbuildings shou]d
_be 1ntroduced._ Through these nontstructural measures, the' flood damage
potent1al w111 be substant1a11y reduced. | '

'(2) Estab!ishment of FIood Warning System and Enforcement of
' Emergency Activity '

o The flood warning. system is proposed for the flood'”rﬁnoff
| d1scharges of the Pasig ~Marikina River where flood forecasting w1li be
_ava11able suhject to the flood 1ag t1me of about two hours. The NCR
head office will carry ‘out the flood forecast1ng through the telemetry
'fac1lit1es of the EFCOS Project, .and instruct the six NCR engineer1ng
d1strict off1ces to take the necessary operation of the existing 10
’pump1ng stat1ons and four fioodgates. The resu}ts of the flood
forecastjng ‘will also be forwarded to the Metro Man1]a Dlsaster
Coordihotingféouncil (MMDCC) so as to disseminate the flood warning and
enforce the proper emergency activities.

6. 4 2 Features of Proposed Plan

R1ver F]ood Contro] works

The proposed structures and fac111t1es are fundamental]y the same
as the: those: proposed in the Framework Plan. The oniy difference is the _
return’ period, f.e.;, 100~ year for the Pasig- Marikina River and 3G-year
for the other rivers. The dlscharge d1str1but1on for river flocd
control works 15 ‘as shown in F1g. 6.4-3, wh11e the plan for the
respectlve r1vers 15 expla1ned as folTows (refer to F1g. 6.4~ 4)
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(1) Pasig-Marikina River.

The proposéd structures of the Master Plan which are pfepared with.
a 100-year return period are the same as. those of the Framework Plan.
The only difference is the flood warning system which is added as-a non-
structitral measure in the master plan. : '

(a) River Improvement

Design o e

o Discgarge Length Width T Proposed ' -
River Stretch /5) -(m)i {m) X—Section Structures
River Mouth/ 1,150 8,735 250-80 Single ' . °Sheet Piles
San Juan R. - (Rectangular/ °Parapet Wall
Confluence Trapezoidal) . . . -
San Juan R. 500, 9,760 80-110 - ditto - ~ °Sheet Piles
Confluence °Revetment
Napindan R. 9Parapet Wall
Conf]uente _ _
Napindan R. 500 5,580 110-100 Single o °Revetment
Confluence/ ' o ' (Trapezoida1) °R1ver wall
MCGS _ S
MCGS/Mangahan 500 1,210 100-130 - ditto - 5Revetmeht}'j
F. Confluence . : L SRR °River Wall
Mangahan F. 2,900 6,425 130-150 - ditto - ~ °Revetment
Confluence/. - : o . - S °River Wall
Marikina Bridge S _ °Embankment
Marikina 2,900 5,560 350-300 Compound ~ °Revetment:
Bridge/Nangka : _ ®River Wall
R. Confluence _ R '
Nangka R. - 2,600 8,580 300-170 - ditto - - °Embankment
Confluence/ : ' ' ' o
Rodriguez
Bridge | | o .
San Juan R. 900 - 10,653 40 - Single °Sheet Piles
R : i - = (Rectangular/ °Revetment.
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() Mgrjk1n5 Control Gate Structure (MCGS)
| ..:'Lo¢at1on  _§ bbwnétream of Rosaffo wéif.(éta. 5+425)
" Type of Gate : Roller Gated Welr
: jHeight o 15 m
5(&)‘ Mgrikina ham'

. Location : Montalban Gorge
o (iUO m downstream of the existing Wawa Dam)

Tybe of Dam : Concrete Gravity Type

CHeight i 70m
_Tb%écharge . ;._Natufa}'discharge;régu]atioh-w1thout N
';~Regu1at10n operation by gate

,_(d)f:Flood Harning System

R The f]ood warning ‘center will be piaced at the NCR head
office. The foT?owing equipment are prov151ona11y proposed as the
'romponent of the flood warning system. ' ‘ '

-Patro1iCar (5 units) : Each car w111 be 4uD type w1th radio -
o commun1cation equ1pment. o

Radio Equipment for  The commun1cat10n_network WKIi be
Voice COmmunicaiion .among the flood warning center, the'office
| o . of MMDCC, the Six NCR engineering. district
offices, the 10 pumping stations and
four .flood gates.’

_(Z) Malabun;fuiiéﬁén¥ﬁivef_

_ The proposed river 1mprovement works cons1st of the same structural
component as ‘those of the - Framework Plan.’ The only difference is the
return perjod;whxch_adppted th 30-year return period of the Master_Plan,
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Désign - : ST
Discharge Length Width Proposed
River Stretch _ (m3/s) _(m) {m) X-Section Structures

Malabon River ~500-450 5,430 80-70  Single °Revetment
(Trapezoidal) °Parapet Wail
~ °Embankment

Tullahan River 420-210 20,500 80-15 ~-ditto- _ °Revetm§nt
°Parapet Wall
~°Embankment

(3) Bu11-Baho-Mahaba River

The proposed river improvement works consist of the same structural
component as those of the Framework Plan. The only difference is the
return peiriod wh1ch adopted the 30—year in the Master Plan.

Des1gn o SRR _

_ D1scharge Length width o -~ Proposed
River Stretch (m /s) {m) {m) X-Section Structures
Mahaba River 160 ' 5,000 45-20 Singte: = - °Embankment

_ ce . : - . (Trapezoidal) S
Baho River  275-230 7,450 45-35  -ditto- - -ditto-
Buli River  270-50 19,900 45-5  -ditto- -ditto-
(incIuding Tributaries) o - o
Mangahan 470-280 3,800 80-55 . -ditto-  ~ditto-

Diversion

(4) :South PafaﬁaQUe—Laé Piﬁas'ﬂiver .

The proposed river 1mprovement works consist of the same structural

component as those of the Framework PIan. The on1y difference 15 the .

return period wh1ch adopted the 30-year 1n the Master P]an.
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‘Design . T
Discharge Length width . Proposed

River Stretch (m s} (m) - (m) - X-Section” Structures

Las Pifias -~ . - 210-180 6,305 45-25  Single " °Revetment

River el (Trapezoidal) °Parapet Wall
: : °Embankment

South ~ © 520-170 6,500 60-25  -ditto-  -ditto-

Paranague

River.

(inct. .

DongaTo River)

'-Drainage'lﬁprovement Horks

Dro1nage fac1}1t1es are proposed for e1ght dra1nage areas out of
the nine areas defined: before. Excluded is the Manila and Suburbs area
which will -have facilities with the safety degree of more than a-s-year
*return period]after compTefion‘of'the on-going project. o

The proposed fac1l1t1es are. of the same type as those in the -
Framework_ Pian, with a d1fferent degree of safety “in ‘most, of the
drainage'areas, “As . the layout . of proposed drainage faci}ities, only
that for Va]enzuela is 1nd1cated 1n Fig, 6.4- 5 since the ‘mechanical
dra1nage proposed in the Framework P1an is changed to drainage by gate
control. The layout of fac111t1es for other draanage areas is the same
as those'shown in Fig. 5,2- 8.. The features of the proposed fac111ties
are tabulated hereunder, together with the design safety degree for

.drainage_faciljtiee. Any deviation from the Framework Plan is also
explained.;' B

(1) Malabon Navotas .

'Design Safety Degree 5-year, Return Period

| iProposed Structure _  'Ouantizx o Dimension
Ring Dike 22,000 |
_(Reinforcement of AU
existing d1ke)

_-Pump Stat1on o =-__d_; 8 s1tes e 62.1 cums in total

Gate S B sites 225 tons in total
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from
than

(2)

Channel Improvement
Open Channel Construction

Closed Channel Construction

NaVotas=Navigation Lock'

5,100 m
5;600'm ,
800 m

1 site

10-20 m in width

10.1-5.3 m 1n width

2.7 m in width

x 3 units

20 m in width 180 m

“in-length

The Dagat-Dagatan area with an éx1st1ng drainage system 1s:exc10deq
the Master Plan since the existing system has the capacity of more

b-year return period.

East of Mangahan

Design Safety Degree: 5-year Return Period

Proposed Structure

Lakeshore Dike

Pump Statioh'

. Gate

" Channel Improvement '

Open Channel Construct1on

_ Regulat1ng-Pond :

(3)

West of Mangahan

Proposed Structure

Lakeshore Dike

Pump Station
Gate
Channe1 Improvement

Open Channe1 Construct1on

. Quantity.
1,800 m -

:4‘s%ees
4 sites
I;IGD:m
REUES

2 sites:

‘Design Safety Degree: 5-year Return Period

Quantity -
."8,900‘m
5 sftes:
_iO_sitES
34,100 m
11,000 m
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Top of Dike:

EL 15.5 m

2?;0 cpmsrinﬂedtq[
84 tons {n'totai

15- 10 m in width .

15 5m 1n width

51,000 m3 in sotrage.

Dimension -

Top of Dike:

EL-IS‘B m

129 0 cums 1n total
342 tons 1n total B

35~ 5 m 1n width

15f5 m in width_



(4)

®

(6}

Closed Channel Construction

Regutating Pond

San Juan

Design Safety Degree:

'Proposed Structure

Pump Station

'Géte

Channal Improvement

Closed Channel Construction

Backwater Dike

Mandaluyong-Pasig

. Design Safety Degree:

Proposed Structure

Pump Station
Gate

Channel Improvement

Closed Channel Construction

Marikina

Proposed Structure

Gate

- -Open-Channel. Construction

Closed Channel Construction

1,450 m

4 sites

3-year Return Period

Quantity

9 sites

13 sites

1,300 m
12,300 m
3,400 m

3-year Return Period

Quantity

3 sites
3 sites
- 2,500 m
8,800 m

"Degign Safefy Degree: 3-year Return Period

Quantity

1 site

1,000 m
2,600 m
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3 m in width
¥ 3 units

642,000 m3 in
storage

Bimension
31.0 cums in total
102.5 tons in total

7.7 m in width
5.2-2.0 m in width
3.6-2.0 m in height

Dimension
14.5 cums in total
40,0 tons in total
10.5-7.9 m in width
4.2-2.7 m in width

Dimension

7 tons in total

12 m in width
7 m in width



(7) Parafiaque-Las Pifias

Design Safety Degree: 3-year Return period

Proposed Structure Quantity
Pump Station ' 2 sites
Gate , 8 sites
Channel Improvement - 4,800 m
Open Channe1 Construction 150 m

Cut-off Channel 500 m

Dimension

12.5 ‘cums_in total
- 175 tons in total
13.9-8.0 m in width

15 m in width

25 m in width, open
channel type

_ The safety degree 15'10—year return period for:the cutbff'channe}'
' which drains. the floodwater of the ijp@f:de ‘Gallina P.S. drainage.

district in Manila and Suburbs to the Manila Bay.

{8) Vvalenzuela

Gate contrel is proposed, since the'inundatidn_depth is lower than
the allowable depth everywhere for the flood of a 3-year return-period
due to the storage capacity of rivers and fishponds and the flat

topography.

Design Safety'Degree: 3-year Return Period

Prpposed.Strueture . Quantity
Gate  1site
‘Ring Dike (Reinforcement 8,000 m
of existing Dike) o
Channe] Improvemeﬁt. 7 . 12,900_m 
Open Channel Construction : '50d_m"

6.4.3 Implementation Schedule

~ Dimension -

- 10 tons in total

1.0 m raising in ht..

12.1-6.3 m in width
2 min width_'

The implementation schedd]e for:the Master'Pianaspan§$a510ngiperiod
of 30 years from 1991 to 2020. Due to the difficulty of scheduling
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precisely for this long period, the construction works are proposed to
be implemented 1in three phases, and the order of construction is
determined on the following criteria.

- Works with a high economic viability should be constructed prior
to the others.

- Priority should be ptaced on the areas where there would be a
considerable socioeconomic problem in case of flooding.

- Consideration should be given to the equal distribution of annual
construction cost.

~ Based on the above, the order of construction thus selected are as
follows. -Detailed explanation for Phase 1 is made in Section 6.1. The
implementation schedule is presented in Fig. 6.4-6.

_ o - ‘ ' Total
Phase | Drainage Area River System Conség:gt1on
‘ _ (million R)
Phase I . ° East and West of Mangahan ° Pasig-Marikina 4,677
(1991-2000) ° Malabon and Navotas downstream of
: (First Stage) Mangahan
Phase 11 ° 'San Juan - ° pasig-Marikina 4,312
(2001-2010) ° Mandaluyong and Pasig upstream of
: .. % Harikina , - Mangahan
° Parafiaque and Las Pifas
° Valenzuela
[+]

Malabon and Navotas
“{remaining area)

e Y s . T A . A W = R P A ) A A8 M WG MR AR S TE S At el e S e e iy o e P T A A A S e dale Ak ok e ek Al Y T e

Phase 111 - None - ° Baho, Buli and 4,534
(2011-2020) - - Mahaba
_ _ ¢ Malabon and
Tullahan

° South Parafaque
and Las Pinas

¢ San Juan

° Marikina Dam

-~ -As .for the Pasig-Marikina upstream of the Mangahan Floodway and the
Marikina Dam, 1t is technically advisable to implement river improvement
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works because these can control floodwaters from a wider drainage area
than the dam. ‘ :

6.4.4 Proposed Organizational Setup

The flood control and drainage projects nationwide'inc1dding the
Metro Manila area are presently executed by the Department of Pub11c
Works and H1ghways (DPHH), under Executive Order No,_124 of January _
1967. The minor dra1nage laterals in Metro Manila are maintained by the
local governments such as the Metropo11tan Manila Commuss1on (MMC) and
c1tylmun1c1pa11ty. :

_Aside from the DPWH, other concerned agencies ‘are :also involved in
the planning of flood control- and'drainage prOjects in Metro'ﬂenila such
as the National Economic: and Deve!opment Authority (NEDA) and the- Laguna
lLake Devetopment Authority (LLDA). '

_ In view of the above situation there are many agenc1es re1ated to
the flood contrel and drainage program, and it is recommended that an
1ntegrated ‘institution, like a Committee for decision making, be created
to ensure the effective and smooth 1mp1ementation of proposed projects
(refer to Table 6. 4- 2) A Technical Horkwng Group (TWG)  will be
established to serve as the technical subagency of the Committee. (refer
to Tabie 6.4-3). The PAGASA and the Office of C1vil Defense (OCD) will
atso be Jo1ned in the THG for the purpose of flood forecasting and flood

.defense.’ :

Tne practica] 1mp1ementat1on for the proposed project w111 be
undertaken by DPHH and loca] governments according to: the ex1st1ng
activities on f]ood control and ‘drainage. The proposed organizationa]:

diagram of flood control and dra1nage projects is shown 1n Fig 6.4-7.

The pTanning, construct1on and’ operat1on and lnaintenance of the
proposed flood control and dra1nage facilities such as r1vers esteros,"
dra1nage mains/outfalls and major dra1nage laterals wii] be _under thej
jurisdiction of the OPWH from the ex1sting function, while the
maintenance of minor drainage laterals'and street ‘gutters connected to -
local government structures and/or secondaryltert46ry ‘roade"wooldi-be
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tasked to local governments such as the MMC and the citylmun1c1pa11ty
concerned. (Refer to Tabie 6.4-4.).

“The 1mp1ementat1on of flood cOntrol'and drainage prnjeCts-in Metro
Manila is presently undertaken by the DPWH through the NCR and the PMOs
such as the PMO for Flood Control and Dredging Projects and the PMO for
' Metrn'Man1Ta'InfrastruCthrertilities and Engineering (MMINUTE)

R The PMO for Flood Control and Dredging Projects will undertake the
pTanning, design and construct1on of major proposed projects in view of
the preJect:scale.: The DPHH NCR will be able to execute the pianning,
deSign, “and construction ‘of . ordinary flood control -and drainage
projects, as well as the operation and ‘maintenance (08M) of proposed
prQJecps from’ the present function. The PMO for MMINUTE can execute the
provision of technical assistance to the local governments as it
preSEntly'undertakes._

» Furthermore, it s recomnended that a F]ood Control and . Drainage
0ff1ce be estab!ished in DPWH NCR to execute ‘the 1ntegrated flood
control and dra1nage pro;ects, after the merger and acqu1sit10n of the
Flood Contro? and Drainage va1sxen the Pumplng Stataons and Floedgates

'D1V1s1on and a part of the flood controT and dra1nage actxvities of the
Plann1ng and Design D1v1sien and the Materials Qua}1ty Contr01 and_
Hydrelogy Div151on.,5 The- proposed office may allot the functions
concerned to the Planning -and Design D1v1sxon the Construction Division
and“the 0perat1on and Maintenance Division (refer to Fig - 6.4-8}.

Street gutters connected w1th natxonal roads shnu]d be ma1nta1ned
by the Ma1ntenance Divis1on of DPWH NCR which 15 present}y respons1b1e
' _for the maintenance of roads and br1dges, beceuse street gntters are
parts ef the road. : -

6 4 5 Preject Cost |

Pr03ect Cost con51sts of “the construct1on cost and ‘the operat1on,
maintenance and replacement cost._"' ' EEEE |
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(1)

Construction Cost

Estimation Condition
{a) Unit Cost

The. unit'conSiruction‘cost was determined on fhe bas1s“of'che
actual price of equipment, materials and labor as of October 1988,
with reference to the unit costs adopted in simi]ar projects in the

‘Phi]!ppines. As  for - earthworks, ‘two Kinds - of unit cost were

considered in accordance - with'fthe' éccess condition and = the
tzansportatlon distance to the construction sites. '

The details for the un1ts costs for major works -are’ ae

indicated in Table 6.4-4.

(b) Cost for Preparatory Works and Compensetioh"

For civil WOrke except the _revetmentﬁ worlci eince' the

' percentage of the preparatory works in the cost of civil works 15

commonly placed at 15 to 20% - 20% was adopted in this pro;ect.
considerTng that the m1sce1laneous works are 1nc]uded in the
preparatory works. .

Revetment works which 1s to be done mainly by manuaijJabof;

" will “require underwater work, and the preparatory works - for

dewatering is deemed different 'in accordance with the water depth
of the construction sites. Therefore, the: rate of the cost for the

'preparatory work Where the revetment work 15 1nc1uded . .Was

c]ass1f1ed into three groups of 30 50 and 80% in accordance w1th'
the water depth. The detaxled breakdown is shown 1n Table 5.6~ 6.

(c) Breakdown of Construction Cost

Construction cost cons1sts of Cost for Major 01v11 works Cost
for Preparatory Works and Compensat1on, Cost for Engineering _
Serv1ces and Adm1n1strat1on, and Contingencies. _The_rate_of the
cost of the respective works involved in the_ total cost was

'con51dered as shown 1n Tablé 6.4- 5.
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(2) Estimated Construction Cost

‘The construction cost of the Master Plan 1{s estimated at
13,523 million pesos at the price level of October 1988, excluding price
cont1ngency. This cost consists of 7,390 million pesos for the river
1mprovement works and 6,133 million pesos for the drainage 1mprovement
works. The breakdown of cost is in Table 6.4- 6 '

Operation Ma1ntenance and Replacement Cost -

(1) Est1matton Cond1t10n

perat1on and Maintenance Cost 1s est1mated on .the basis of the
rate 1nvotved in the direct construction cost which consists of the cost
for major c1v11 works end the cost for preparatory works. The rates of
' operatien - cost and malntenance cost will depend on the employed |
structures-and facilities, as follows. ' ' '

::- Common Civil Works . 'f; S  0:3%

. 'Steel Gate B s 1,0%
- Pump T S 0.1 A

As for the replacement cost the durable 1ife of structures and
fa01lit1es is set as follows ' '

~ CommOn'Civ11 works : 40 years

- Steel Gate o ' o1 30 yeers
- Pump B 't 15 years

(2):_Estimeteo'ooeretioh, Metntehanee'end Replacemeot'Cost

_ The annual operat1on, maintenance and replacement cost for the
proposed plan 15 estimated as shown in Tabte 6.4-7.
6.4. 6 Annual Average Beneflt

_7: Flood control benef1t 1s general]y defined as the reduction of.
potential flood: damage attributed to the de51gned WOrks. The reduction

: _1s obtained .as . the difference between the est1mated flood: damages under

the with- and the without the- prOJect situations.
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A study on annual average benefit'tO:aecrue by'implementing'the
project has actually been carried out in the following flow:

(1) Est1mate of unit property value :

(2) Ident1f1cat10n of the relation between water !eve! and damage
- {3) Calculation of - potential flood damage '

{4) Estimate of annual average benefit

Estimate of Unit Propertx_Va]ue

Property in the study area ma1n1y consists of bu11d1nglhouse and
its indoor movables which are vuinerable to flood damage. In accordance
with the land use categories, and un1t value per area (kmz) was
estimated for building/house as follows: : '

. . Construction Depreciation  B-to-L* Averaged
Combination Cost Ratio - Ratio ‘Value
(Peso/m?) %) (%) (Peso/mz)

Density Quality

(Re51dent1a1/80mmerc1a1)

Low High - 4,500 62 0 . 1,120
© Middle  Middle 3,500 45 50 790
CHigh  Low 2,500 40 60 - 600
(Industrial) R A i
widdle ~ Low - .2,500 40 50 o 500

* Sharing ratio of the buxld%ng to the 1and 1nc1ud1ng the surroundlng-_‘
road areas.

Indoor movables be]onglng to the 1ndustr1a1 category are evaluated
at 1,230 peso/n? on an average, but the value of movables in the
res1dent1a]/c0mmercxal category is not separate}y estimated in thas
study because it 1is considered to be 1n proportien to- the wvalue of
immovables and the flood damage can be ca]cu1ated by mu1tiplying damage
rates w1th the va1ue of unaovab]es. B L
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Based on ‘these unit values per area of each category, the average
unit vaiue of propert1es 15 estimated for each sub basin, as tabu1ated
in Table 6 4- K

Identificat1nn'bf'fhe:Reiation:between Water Level and Damage

Flood ‘damage 15 basically' calculated by the following formula;
[unit'property}ya1ue]:x [1nundated,area] x [damage rate]. The relation .
between inundation water 1enel‘and'fload damage ‘was identified in each
sub-basin on the basis of the relation between height and property value
which had been prepared by measur1ng the areas on the contoured maps.

The damage rates applied for this study area were set up with
"reference to the research on flood damage carried out in 1983, as
foTIOWS° S ' : .

rInundafion’n"'- T Danage Rates

;Depth ) .,,.Houees Indoor Movables
0-26 cm 0.043 - 0.038
26-50°em - 0.046 - 0.044

Above 50 cm 0.054 0,070

“'Note: A]i;damagé*rates_are against the value ef_houses.'

o 'The direct damage rates of 1ndustr1a1 fndoor movables are likewise

ana1yzed WIth results of 0.025, 0. 053 and 0.180 against the va]ue of

1ndaor movables ‘for the- same “classification of inundation  depth.

_ Ind1rect damage such as toss of income and less of sales accounts for
'about 40% of the direct damage.

Ff_: Ca]cu]at1on of Potent1a1 Flood Damage

Inundation and flooding water 1evels"'caICulated for  several
probable rainfa]is or d1scharges are applied: to- the relation between
water: Tevel .and; f}ood damage d1scussed above, under the flocding cases
,of 2y By 10 20 30, 50 and" 100-year return per1ods for. river water
'_flooding and 2, 3, ,5,:-10; _30 50 and 100 ~yedr return. per1ods for
fnundation in the dra1nage areas.
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Estimate of Annual Average Benefit

Based on the estimated potential damages for each probab1e raiﬁfal1
or discharge, the annual average damage was calculated by the following
formuia. - '

n

8= 1 2D +0(] * [P(Q1-1) - PON]

where,
8 o : Annuai average benefit -

5(01"1), D(Qi) : Flood damage caused by the fioods with 01 1 and
Q4 discharges, respectively.

P{Qi-1), P(Q5) _Probab1l1t1es of occurrence of 01 1 -and 03
'd1scharges, respectively

n : Number of floods_applied h
The annual average benefit, defined as the rédqcfionrof_probable
damage under the with- and the without-the-project situations, was thus-

estimated for the proposed plan, i.e., 2.78 billion pesos in totaI the__
breakdown of which is presented in Table 6.4-9. '

6.4.7 Economic Evaluation'and'Environmental-Assgssment -

Eéoﬁcmic'éva1uation

The optimum plan or the. Master Plan has, been eVa]qated'ffomgthe _
economic viewpoint by figuringrobf‘the’econdmic‘viab111£y'iﬁ“térms of
1nterna1 rate of return (IRR),. benefit/cost ratio (B/C), and net’ present
value - (NPY). . All.the monetary calculations were based .on the price
level of October 1988 and the project tife (for economic eva]uat1on) ’
was fixed until 2050 considering the durable life of the last structure

“to be constructed for the progect. ' ' :
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'(1) Economic Project Cost

The economic costs of -the project are nominal .figues that duly
reflect the true economic value of. goods and services involved. These
costs were used on!y for the economlc eva}uation of the prOJect.

‘ Transfer 1tems such as taxes and dut1es 1mposed on construct1on
materials and equ1pment 1nc1ud1ng government subsidy and contractor's
profit were excluded from the elements of: f1nanc1a1 cost.. It is
assumed that about 10% of the f1nanc1al construct1on cost is involved as
the transfer 1tems._* '

_ Land has to be acqu1red for progect implementation, and 1t5
econom1c va]ue 1s con51dered to correspond to the product1v1ty foregone
by the prOJect which -is refiected by the price. ‘The econom1c cost is
thus estimated at 12, 474 m1111on pesos, . cons1st1ng of 6, 919 m1111on
pesos for river systems and 5, 555 m1]iion pesos for drainage systems.'

(2)' Economic V1ab1]1ty of the 0pt1mum Plan

The calcu]ation of IRR B/C and NPV was based on the annual cash
ftow that Was prepared from the above- sa1d economic cost and the annuai‘
_average beneflt dlscussed in: Subsectxon 6,4.6 in’ accordance with the
1mp1ementat1on schedule or annual d1sbursement schedule (refer to
Table 6.4~ 10)_ A d1scount rate -of 15% was’ applied for the calculation
| oF'BIC'and:NPV,n The ‘economic v1ab111ty of - the optimum plan was thus

' figured out as. fol]ows. S

- IR “_::','17 W

_ ~BIC. :__;_;1.18 S
- NPV :538 mi1}1on pesos :

| _(3)__ Progect Justif cation

1mprovement works are 1n general put into 1mplementat1on even at the
lower IRR compared with other product1ve projects. The Master P]an
=shows a very high v1ab111ty of "17. 3% in IRR 11kew1se resu1t1ng in h}gh
values” of ‘BIC and NPV for the conce1vab1e reason that the study area
'wi]l be remarkably urbanized 1n 2020, and thus soc1a1 needs for flood*
' prevention Wil augment to a maximum’ degree. h - '
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In this context, the Master Plan can be Justiffed from the
economical and_social-viewpoints to take a next step in accordance with
the proposed schedule. o :

Environmental Assessment

(1) Method of the Environmental Impact Assessment (EIA) in the Master
Plan

The main purpose of the EIA in the M&Ster Plan s to identify
initially whether the proposed works .may cause crucial or significant
effects on the env1ronment. So, it is cons1deted that a checklist
method is an eppropriate tool to attain the purpose mentioned above.
Checklist items are selected by “the Study Team taking into: account of -
the guidelsnes prepared by the GOP and ADB. _

(2) Resylt of EIA for the R1ver Flood Contro? Rorks

A result of EIA for the r1ver flood control works is summarized in
Table 6.4-11. ' '

The flood control works proposed in the Master Plan .mainly consist
of river improvement works, which may “bring’ about bettennent though
51lxghtly, of- rlver witer qua11ty by increasing: the flow capacity. As‘
for the other environmental effects such . as aesthetics and Iandscape,
such works will contribute much to more preferable scenery by 1mprOV1ng3'
landscape d1rectly and drainage 1nd1rect1y. Indeed accessibility to the
river channels might be worsened, but Judging- from the present river
utilization, its adverse influence is so smell that there is no needs to
take it into account

Flood control works for the Pasig- Merikina"ﬁiver*ﬁhCIUde7¥erge¥=_g_

scale structures such as, Marik1na Control Gate. Structure (MCGS) and
Marskina Dam wh1ch may give env1renmental effects, Ain addition to. the
above-said r1ver 1mprovement works.; The conceivab]e problems caused by;

MCGS are the lake water rising of Laguna and the impairment Of;_

navigat1on for sma]i boats. The Laguna lake water wou]d rise by onlys
15 ¢m even when the design d1scharge with a 100-year return per1od f1ows;
down, and the 1ake water can be 10wered more rap1d]y by 35.-¢m 1n case of.
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a 40-year return period flood by the improvement of the Napindan River
and the reverse flow of the Mangahan Floodway. As for pavigation, small
boats, in general, do not pass at the time of big floods and the gate of
the MCGS 1s closed only at the time of a big flood. The water level in
the immediate upstream of the MCGS would rise to a maximum of only 30 cm
in a significant portion of 2.0 km by the construction of the MCGS.
This can coped with a small scale embankment works, and no serious
influence. on the environment thereabout 1is anticipated. Since the
Marikina Dam of a concrete gravity type is proposed only for the flood
control- purpose, the resevoir will not store water except for the
flooding time, with a result of no deterioration of water quaiity of the
river. However, construction of this dam will require resettlement of
about 600 families.

(3) Result of EIA for Drainage Improvement Works

The result of EIA for drainage improvement works is summarized in
Table 6.4-12.

Drainage 1mprovement works consist of channel improvement,
construction of ring dikes and installation of gates. Smooth and speedy
drainage, expected by the chahnel improvement, may contribute much to
the betterment of waferrqua1ity as weel as to 1mprovement of scenery.
Gates are usually opén and only during a fiooding time opefated. Hence,
no infiuencek'on: the fauna/flaura is expected by gate installation.
Though constfuction of ring dikes may casue an inconvenience in
accessing to the water shore, the environmental condition will be much
improved by the ring dikes, in comparison with the situation flocoded by
the river water.
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CHAPTER 7. FEASIBILITY STUDY OF PRIORITY PROJECT

7.1 Identiftcat1on of Pr10r1ty Area/Project

Prior1ty areas/projeots for the feasibi]ity study' were selected-
within the framework of the Master Plan on the condition thatfthe areas’
are presently Suffering from flood damage and - the _dppropriate
countermeasures are urgently required: to be.oonstruoted in ten years.
The selection was made on the basis of economic viability and - the
present land use conditions., Consideration was'given also to the equal
diStribution'of annual construction COSt. o

The resu]ts of the study on- economic v1ab111ty us1ng the BIC ratlo
are shown in Table.? 1-1. According to the. results; the value of B/C is
almost -the same for all the rivers. As for the drainage 1mprovement
the values are h1gher for Man11a and Suburbs, East and West of Hangahan,_
and Malabon-Navotas. = '

The drainage capacity in Manila and Suburbs is already of a certain
degree of safety and this will be’ upgraded under the 14th OECF ‘Loan.
Therefore, the requxred urgent drainage improvement works and the
related river 1mprovement works are for the East and west of Mangahan
and the Malabon-Navotas ~areas. It is noted here that’ the term
Malabon Navotas ‘Area refers merely to the administrat1ve boundary of the'
two mun1C1pa11ties and the objective area for. drainage 1mprovement is .
defined as the spec1f1c areas in Malabon- ~Navotas that are__extremely'

vulnerable to f1ood damage I -

On the cons1deration that the Pas1g Mariklna River tuns through the
core of Metro Manila and that flood1ng_ from the river would cause

tremendous damage to the urban areas, the importance'of'securing the -
core of Metro Man11a from river floods- is very h1gh from both the

economtc and social v1ewpo1nts ~This r1ver cGn be. divided 1nto the"
upstream and downstream of the Mangahan Floodway from the v1ewpo1nt of
]and use condition along the river, and a h1gher priority shou]d then be
placed on the sect1on downstream from the Mangahan Floodway which runs
through the heavily congested urban area. : o
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From the above considerations, the selected priority projects are
recommended as follows. -

- Dra1nage 1mprovement of East and west of Mangahan,
- Drainage improvement of Malabon Navotas area (First Phase); and
- = River fmprovement of the Pasig- Merikina downstream of Mangahan
(exc]uding san Juan R1ver)

7.2 ﬂreinagetlmprovement in East and uest of Mangahan
7.2.1 Study on Alignmentfo’fr Lakeshor‘é'oike

.The east and west areas of Mangahan Floodway suffer from f]ood
damage 1n almost every ra1ny season due to the 1nundatlon caused by the
h1gh water 1n the Laguna Lake and heavy Iocal ra1nfall. To protect the:-
area from lakewater 1nundat1on, construct1on of a lakeshore dxke is
1nd1spensable. ' : '

The a11gnment of the 1akeshore dike is a factor to determ1ne the
target area for the 1mprovement of dramage fac1Ht1es.

In this connect1on three a]ternative a11gnments whlch protect the
areas h1gher than EL 10.5 m, 11 5 m and 12 5 m, respectively, 1n ground
elevation as 1llustrated in th 7. 2 1 were studaed

The econom1c Just1f1cat1on ‘has been made under the two land use
-cond1t1ons,e i. e.,_ the present and future cond1t1ons 1n wh1ch the
ex1st1ng open spaces w111 be ut111zed as. resident1al area w1th some
' rec]amat1on works. As a result the a11gnment which can protect the
area. h1gher than 11 5 m of ground e!evataon is: 3ust1f1ed as the opt:mum
'al1gnment of the lakeshore d1ke for htghest econom1c effect 1n both the

B present and the future }and use cond1t10ns.

- 93 -



7.2.2 Present Condition of Drainage Area -

Topographical Features

The East and Hest of Mangahan F]oodway consists ef the 1ow—ly1ng
land bordered by the Sierra Madre Range on the east, the Guadalupe
Formatmon Lowland on the west, Pasig River on thg north_and'Lagund Lake
on the south, From the geologica1'point of view, the area'comprises the
southern half of the Marikina Valley Alluvial Plain and urbanxzation is
observed on the higher ground near the PaS1g R1ver, wh1le f1shpens and
open spaces are observed in the lakeshore areas.

: Lake and River Utilization

F1shing and fish culture are br1skly conducted in- the lake and
along ‘the takeshore. Since the Napindan Channel connects the Pasxg
River and the lake through the navigation lock at the Napindan Hydraulic
Control Structure, brisk navigation can be observed 1in the channel to
transport commodities between the city of-Manila and therlaké or the
areas a1ong the channel. 3 '

The Mangahan Floodway is partly ut1l1zed for "kangkong" cultivat1on
and also for nav1gat1on, though not so brisk because of the weir at the
_ Junction of the Pasig River and the floodway. '

Drainage Relatéd F&Cilities

Ma;or dra1nage structures are not observed 1n this area, except for:
the pravateTy 1nstalled oNes. There are a number of creeks and rivers
as shown in Fig. 7. 2 2, wh1ch are funct1on1ng as - drainage channels to'
drain storm water 1nto the Napindan Channel and the Mangahan Floodway,
. or directly into the Laguna Lake. '
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7.2.3 Planning Conditions
Watershed

The target area for drainage improvements as ‘defined by ' the
proposed alignment  of lakeshore ‘dike is: composed of. nine subdra1nage
areas being d1V1ded from the tooographiocai p01nt of view. Four of them
are located in the east of Mangahan Floodway and five are in the west of
Mangahan Flpodway (Refer to F1g 7 2-2. )

5 Improvement Scale and Des1gn D1scharge

The' 1akeshore dike' w111._be 'constructéd'IWith an éTevafion of
EL 15.5 m based on the design high water level of Laguna Lake
correspond1ng to a 40nyear return per1od. The dra1nage fac111t1es are
des1gned to cope thh the flood of a 5 year aeturn perxod '

The pr1or1ty progect s 1mp1emented in “the first phase (de51gn
year::. 2000) of - 1mpiementat1on of the Master Plan in which the target
- completion year is 2020, Therefore, the flood of a 5-year return period
estimated under  the land use conditions at the year 2020 s, in
principle, employed as the: design discharge for the respective
facilities.’ SR | - -

~However, the design discharge under the 1and use cuhdiﬁions at the
year: 2020 is:far bigger than at:the.year 2000, 'Therefore, the discharge
estimated under the land use conditions at the year 2000 can be used for
faC111t1es such as dra1nage pumps whose capacrty can be enlarged easr]y
wrthout any work dupl1cat10n.

Based pn the above consrderat1on, the des1gn d1scharge for each of
'. the channe]s and the - fac111t1es was deC1ded as fo]iows (refer to
F}g 7 2-3) ‘ - ' '

(a) FaC1l1t1es planned by the des1gn drscharge est1mated under the
“land use cond1t1on of the year 2020

'-:_<~ River and: dra1nage channeT
-+ Controt: gate ‘and s?uice
e,Regulataon-pond_;.

o i
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- River dikes
- Pump house

{b) Facilities planned by the d851gn discharge estimated under the
“‘land use condition at the year 2000

- Pumping_equipment

Water Levels of Laguna Lake

The design high water Tevel' of laguna Léke'waS'set at ‘EL 13.8 m,
which is equivalent to the 40- year return period water Tevel as
ment1oned before.

The average water' levels obtained from the records of water levels
for the past 15 years were identified. In'désigniﬁg'the'takeshore dike
and other related fac111t1es,_reference was made to these average water
levels. |

Water Level | 'EleVafion (m)
Annual Maximum 12.5
95-day 1,7
185-day -11.2
275-day 10.7

355-day . 10.5

Premise for Land Rétiamation Heigng -

At the present -land use cond1t10ns, there are. open spaces in the
area fac1ng Laguna Lake, and they are always 1nundated by the Laguna
iakewater in the rainy season.' However, these spaces will be ut111zed
as residential area after complet1on of._the lakeshore d1ke. " This
process of urbanization will naturally involve reclamation to avoid
f!ooding. R IEETRE '

it 15 difficult to define the future and reclamat1on height at
this moment.: Since the topography of the subdrainage area RES strong]y

related to the estimation of the required facilities, future reclamation .

height should be determined. On this sense, the height of the future
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reclaimed area has beeh asSumed;at:EL 12,0 m, which is almost the lowest
elevation of the existing urbanized area, under the consideration that
the elevation of the newiy rec1a1med area will not he higher than that
of the existing ones. :

7'.-'2.'4- Study on Ait'ei-nétives'_
_ From the v1ewp01nt of topographac characte:istlcs, a study has been
made to formulate the opt1munn dratnage systen& on such items as_the

avaalab111ty of backwater d\ke,.the integration of subdra1nage areas,
_'and the determ1nat1on of pump1ng capaC1ties,

Avaiiabil1ty of Backwater lee

There exist a number of r1vers and creeks wh1ch pour into fhe
Laguna Lake, and the dra1naqe areas . have different sxzes, ground
efevations and topograph1c cond1t10ns depend1ng on which it may. be more
econom1cal1y advantageous to: dra1n storm water by the - mechan1cai

'dra1nage systen1 ‘without a backwater d]ke than 1n combination with:a -
backwater dike, and vice. versa.: L

Based an the above cons1derat1on 1t is. economically Justified that
_Bull, Baho Mahaba and Lower B1cutan should be improved by a. combination
of mechan1ca1 dra1nage and backwater dike wh1]e Ant1polo Taguig and
Bicutan is by_the mechanical dra1nage_method.only. _

" Integration of Subdrainage Area’ .

‘,-Théinumber'd?'subdraiﬁage‘areas”may'be‘rédﬁCEd by integrating the
areas; depending on the total construction cost of drainage facilities,
i. e.,.the construction cost of pump1ng fac1l1t1es can be reduced when a
}arge capac1ty pumpang station is ntegrated?y prov1ded ‘though the
construction cost of a dra1nage channel 1ncreases when a bigger
: dascharge 1s p?anned to ba conveyed “to the dra1nage sxte. ‘From the
"above concept the 1ntegrat1on of the subdraxnage area was studied

Ll As for east of Mangahan, there are fbur subdra1nage areas divided
by the Buli Bahn and Mahaba rivers. Since-ail of the subdrainage areas
'are surrounded by the backwater d1ke for the Buli, Baho and Mahaba

- 97 -



rivers and the lakeshore dike, the integration of subdrainage areas in
the East of Mangahan is impossible. -

West of Mangahan has five Subdfainage areés andjit is_dividediinto
two areas by the Napindan Channel; namely, the area between Mangahan and
Napindan which has two subdrainage areas, and the area between Napindan
and Lower Bicutan River with three subdrainage areas.

"It has been clarified that the separate drainage system to ‘each
drainage area in west of Mangahan is recommended for the reason of the_
lowest construction cost. ' ' '

Determination of Pump Capacity

The lake areas below the elevation of EL 12,5 m will be the land
area by the construct1on of the lakeshore d]ke, though actualiy these
areas are, in the dry season, utitized as paddy field and/or rema1n as
open space. A part of the newiy created land area can be used for the
canstruct1on of flood water reguiat1on pond. '

_ The comb1nation of 'requ1red pumping capacity and required
reguiation capacity of the 'pdﬁd has been studied by 'the least
constructiﬂn‘cost method. The ‘optimum combinat1on ‘for each subdra1nage
area " is shown in the following table. (Refer to Tab]e 7.2-1 for'
details.) S -

Pump Capac1ty T Regulat1on

Subi;z;nage Specific Discharge Tota? stcharge Capac1ty of Pond
. (m3/s/km2) . (m3fs) o .- (m3)
EM-1° 5.4 g
2 4.5 11

3 1.8 5 ' 18,000 -
4. 1.0 R 33,000

WM-1 5.0 a6 e
2 2.3 12 - ' 138,000
3 2.9 20 . 0 183,000...
4 3.2 45 258,000 =
5 2.2 6 | 63,000.;

x In view of the topograph1ca1 and Iand use cond1t1ons, regulation
ponds were not designed - _
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?.Z.Si-Feetures ef the Optimum'P1an

The main component of the optimum drainage plan in the East and
West of Hangahan are'cohetruCtion works of lakeshore dike and drainage
channels, 1mprevement works of the re!ated rivers and existing dra1nage
channels, and 1nstallation of pump stations and dra1nage gates. The
princ1pa? “features of the requ1red structures are presented as fo]]ows,
and their locations are shown in Fig. 7.2-4.

(1) Lakeshore Dike

The lakeshore dike will be constructed on ground elevation of about
EL 11.5.m. This is an earth dike made of borrow materials, the lakeside
of whiEh_will he revetted for pretection against lake waves.. (RefEr to
Fig. 7.2-5.) '

_Thee dike. Wilt not c1ose the wide channels such as Naplndan,;_
Mahgahan:Fleqdway, Mangahan D1vers1on and Lower Bicutan, but_br;dges‘
will be ihstalied over these channels for the matntenanee and
transportat1on, Sleice'gates w111fbe'installed at sma11'eh66ﬁeis'that
witl be closed by the d1ke, 50 that effective drainage by pumps can be
expected. : '

. Strueﬁure_ . : " Quantity | D1men510n

Earth Dike - = 10,700 m EL 15.5 m, 9.1 m in width,
.(w1th revetment) S 4. o m in height

Sluice Gate :zi';: . 5 sites. 240 tons in total

-(w1th ma1ntenance br1dge) o
-Ma1ntenance Bradge ' : 4 bridgee 240 m u;30 m in span length
(é)viRiver:ImpFOVEmeht_

| ‘fDredglng and d1k1ng w11] be carr1ed out for the Napindan Channel in

©oa bettom w1dth of about 80.m (almost egual to the existing) to assure

the f]ow of }akewater from the Laguna Lake: to the Pasig vaer - Earth
dikes wi]] be. constructed on lakeside port1ons w1th open spaces while a
'concrete structure ‘such as a parapet wall  is” proposed on: densely
popu]ateq portions near the Pasig River. - The: height is from 0.5 to
1.5 m above the ground elevation for'both'struetures. |
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Baho, Buli and Mahaba rivers will be provided with only backwater
dikes. It is advisable to execute dredging works for these rivers after
the compietion of improvement works in their_upstream portions.

A diversion channel:_wili be neryf’eXéévatéd albng ‘the Maﬁgahah:'
Floodway to drain the storm water in the East of Mangahan into the
Laguna Lake. SR o

Structure : Quantity | D1mension

Napindan River 5,242 m. Parapet Wall 2,495 m in
(dredging/diking) length; Earth Dike 2,747 m
in length, 80 min bottom
| width
Makaba River 2,400 m 40 m 1n w1dth
(diking) : . - '
Baho River 1,800 45 m in widtn_ |
{diking) _ : _ o -
Buli River S 1,600 m . 45 m in width
(diking) ' ; e ' _ o _
Mandahan Diversion .. 3,800m . B0-60 m in width .
(excavation/diking) _
Lower Bicutan River 800 m 15 min width.

{dredging/diking)

(3) Drainage System

Dredging works 'wi11”_be carried out for the"TéqU1g; Tiphs' and
Antipolo rivers in a'total Tength of 35, 200 m.. A number df open and
closed channels wa]] be newly - 1nsta11ed, as shown in F1g. 7 2 4, in a
total length of- 18 300 and 1,450 m," respect1ve1y o

Nine pump stations are also proposed and six of them are prov1ded;_
with a regulat1on pond each (refer to Fag.-? 2-4). - In addition to the'
sluice gates along the 1akeshore d1ke mentioned above, nine siu1ce gates-.-
will be placed at the pump stat1ons and the Junction of r1vers._ '
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Structure . Quantity Dimens1on
'VChannel Improvement | 35,200m '35 5m in w1dth )
Open Channel Construction 18,300 m . 15-5m in width

) Closed Channelﬁr - 1,450 m 3 m in width x 3 units
~Construction ' ’ o ‘
CSwiee  gsites 186 tons in tota]
Regu1at1pn'Pondi . 6.sites .593 000 cum 1n storage
_Pemp Statiane, y 9 sites 111.0 cums in total

(under 1and use conditions
at the year 2000} L

7.2.6 Preliminary Design of Major Structures

~ Preliminary’ design of major structures was made on the basis of
least constructien'cost method.

Lakeshore [}1 ke

The opt1num shape of - the” 1akeshcre d}ke is determined consxder1ng
'wave setup he1ght by the lake water ava11ab111ty of embankment material
and construct1on method, ‘and foundat1on sett1ement. Thrpugh the cost
~ comparison . study among . severa} a!ternat1ves, a borrowed material -dike
with-a revetted siope. of 1:2-at: the lakeside and a slope of 1:2 without:
revetment at: the 1and51de is proposed prov1d1ng a freeboard of 1.7 'm¢
The crest ‘of ‘the. d1ke is -set at EL 15. 5 m and its width is 9.1.m from
the requ1rement of ma1ntenance road. The typ1ca? Cross sect1en is drawn.
in Flg 7 2 5.

Backwater Dikeu

Asa connected d1ke to . the: 1akeshure dike, backwater'dikes are
prov1ded for Naplndan Channel, “the Bu11, Baho ‘Mahaba and Lower ‘Bicutan
' rivers.. (Refer to F1g. 7:2-4, ) ' '

For the Napwndan Channe], earth d1ke and parapet wa]? are prOV1ded'

e _for the 1akes1de stretch and for the 1andside stretch, respect1ve1y. In

"desig1ng ‘the.. earth dike, @ s1m1lar shape of the: 1akeshore dike. is
: bas1calIy adopted. However, revetment is not prov1ded at the water side
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and its dike crest is set at EL 14.6 m, only considering a freeboard of
0.8 m derived from the planning criteria by design discharge, since
effect of wave setup by the lake water is not considered. '

A reinforced concrete parapet wall is broposed:fn the urbanized
area for the landside river stretch, where a revetted channel cross
section hav1ng a 1:1 side slope is provided to protect from foundation

failure of the wall.
AIong" the fiver courses of the Buli, Baho, Mahaba and Lower
Bicutan, the same type of diking of the earth dike of thé Napindan only

is proposed at present, since r1ver 1mprovement pIans in the1r upper .
reaches are not concreted. ' ' ' -

Typical cross sectiOns of backwater dike are shown'in Fig. 7.2-6.

‘Drainage Channel

Since there are relatively lots of open space in Fast and West of
'Mangahan, trapezoidal type of c¢ross sect1on w1th a side s]ope of 1:2
without revetment__1s adopted:.for 1mprovement of ex1st1ng dra1nage
channels and consiruet10anf'drainage -chahnels, Bas?cally, excavated
channel ‘method without diking-"iS' proboeed prov1d1ng E design water:
depth of 2 to 3 m. As for closed channel, R. C. box culvert with: two or_

three rectangu]ar Cross sectaona¥ areas s adopted cons1der1ng a design;

water depth of connected dra1nage channel. - Main. features and des1gn"
condition of drainage channels are’ sumnar1zed in Table 7 2- 2.- o

Pumg Stat1o

A submersible type pump is app11ed for the pump equipment which can
be operated by a diesel-generator, through the. economical comparison

study between a conventional: type and a submersible type. - In*addjtioﬁ73 |

to the said power SUpply equipment garbage remOVelfeQUipment eucﬁ“es_ |
mechan1ca1 rake, belt conveyor and hopper, and concrete structures such
as sand bas1n, surge tank and operat1on house are prov1ded, accord1ng?y.

A general layout:of the pump statlon is presented 1n F1g. 7.2~ 7.:-
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Regu]at1on Pond

Six regu]ation ponds are provided beside the pump stations along

the lakeshore dike.j Each pond is designed to0: be excavated at a 3 m

depth with a cut slope of 1:2 from the ground level. AL the boundary of

_.drainage channe] and pond;, an overflow section of concrete structure is

p}aced to contro] the 1nf1ow water from drainage channel. A general

arrangement’ of the regu]ation pond pump station and ‘sluice gate is
shown 1 Fig. 7.2-8. - Fig. 7.2-9 shows the schematic prof1le of the

._reguiat1on pond, pump stat1on and sluice gate..

S}uice cate

~Proposed sluice. gates are ciassifjed_into four types as follows:

CType - Site

' LOpen channe] type/appurtenant to pump ‘station
'-”j_Box cuivert type/appurtenant to pump station

s Open channe! typel1ndependent

N W NN

”Box cuivert type/1ndependent :

Sluice gates main]y consist of concrete structure and steei roIIer
-gate.: Open channel type sluice gate is adopted 1n the case that a 1arge
5 cross sect1on erea for 51u1ceway is required from the design dlscharge
'rand/or nav1gat1on of vesset° while, a box cu]vert type s1u1ce gate is
: 1nstal]ed when a relat1vely small saze gate is requ1red.

) "'Main dxmensions of fourteen s]u1ce gates are fabuleted in
Table 7 2- 3. F1g. 7 2. 10 shows a typical layout of a s?uice gate. '

Bexdges.,-'

7 To cross the Nap1ndan channe] the Mangahan floodway, newly
proposed Mangahan divers1on and the Lower Bicutan R1ver, four bridges
w1th re]ative1y 1ong spans are p\anned a]ong the 1akeshore dike.
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